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FOREWORD 


The  purpose  of  this  study  was  to  test  e.  nutrient  solution  (NBC  Nutrient 
solution)  recommended  by  a  National  Research  Council  advisory  committee  for 
soldiers  working  in  the  heat  wearing  Nuclear,  Biological,  Chemical  (NBC) 
protective  clothing  (M0PP4).  The  NRC  committee  recommended  the  NBC  Nutrient 
solution  for  use  by  soldiers  encapsulated  in  the  MOPPA  ensemble  for  24  hours, 
engaged  in  moderate  activity,  sweating  at  about  0.5  liters /hour,  and  working 
where  the  Wet  Bulb  Globe  Temperature  did  not  exceed  21°C  (70°F).  To  focus  on 
the  comparison  of  the  NBC  Nutrient  solution  to  water  without  the 
complications  of  remaining  in  M0PP4  configuration  for  24  hours,  the  soldiers 
were  studied  in  no  MOPP  configuration  (shorts  and  running  shoes)  under 
thermal  conditions  that  simulated  the  heat  stress  of  wearing  the  M0PP4 
enseoible. 

This  technical  report  is  a  compilation  of  eight  separate  sections  of 
physiological  and  psychological  tests  written  by  the  individual  authors. 

Each  section  contains  its  own  methods,  results,  discussion,  conclusions, 
references,  tables,  and  figures.  The  literature  review,  general  methods, 
integrated  summary,  general  conclusions,  and  recommendations  contain  an 
overall  view  of  the  study. 
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ABSTRACT 


Soldiers  involved  in  nuclear,  biological,  and  chemical  (NBC)  warfare  may 
be  encapsulated  in  M0PP4  ensemble  for  up  to  24  hours.  In  that  configuration 
the  soldier  is  in  a  fasting  state  unless  he  can  move  to  a  decontaminated  area 
to  eat.  The  purpose  of  this  study  was  to  determine  if  a  nutrient  solution 
containing  2.34%  carbohydrate  and  24.1  mEq  sodium  per  liter  (NBC  Nutrient 
solution)  would  be  more  effective  than  a  control  solution  of  colored  and 
flavored  water  in  maintaining  the  physiological  and  psychological  status  of  a 
person  under  thermal  conditions  that  simulate  M0PP4  encapsulation.  Twelve 
healthy  young  males  were  exercised  at  400  watts  in  a  climatic  chamber  to 
produce  a  sweating  rate  of  0.5  liters/hour  (98°F,  20%  rh,  2  mph  wind  speed). 
The  data  for  one  subject  were  not  Included  in  some  of  the  physiological  and 
psychological  analyses  because  of  an  upper  respiratory  infection.  Each 
subject  was  tested  on  both  solutions  and  the  assignment  of  solutions  was 
counterbalanced.  The  subjects  were  to  be  tested  for  a  maximum  of  24  hours  on 
the  NBC  Nutrient  solution  and  24  hours  on  the  control  solution;  actual 
endurance  times  were  17.1+3.6  (Mean+SD)  and  16.0+2.9  hours,  respectively. 
Fluid  intake  was  encouraged  and  the  subjects  maintained  hydration  fairly  well 
The  increase  in  blood  glucose  levels  and  delayed  appearance  of  urinary 
ketones  for  subjects  drinking  the  NBC  Nutrient  solution  were  noteworthy 
physiological  differences  between  the  two  solutions.  Water  was  as  effective 
as  the  NBC  Nutrient  solution  in  maintaining  cardiovascular,  thermoregulatory, 
and  hydration  status.  No  significant  differences  were  noted  in  the  cognitive 
motor  performance,  and  vigilance  tests.  The  NBC  Nutrient  solution 
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significantly  lowered  self-reported  symptom  intensity  and  improved  mood  after 
6  hours.  The  NBC  Nutrient  solution  was  significantly  more  acceptable  and 
preferred  over  the  flavored  water;  this  might  alter  the  results  of  tests  in 
which  subjects  are  allowed  to  consume  the  fluids  ad  libitum  or  of  tests  in 
field  situations  in  which  soldiers  don’t  drink  enough.  Test  data  from  hours 
12-2A  were  inconclusive  because  of  the  reduced  numbers  of  subjects  but 
suggested  that  the  NBC  Nutrient  solution  might  affect  physiological  and 
psychological  performance  in  studies  which  are  more  stressful  or  of  longer 
duration. 

The  results  of  this  study  indicated  that  water  and  the  NBC  Nutrient 
solution  were  equally  effective  in  maintaining  hydration  and  physiological 
status  under  hot  dry  conditions.  The  NBC  Nutrient  solution  was  more 
palatable,  lowered  symptom  intensity,  and  improved  mood;  cognitive  performance 
was  not  improved. 


ix 


INTRODUCTION 


In  1982  a  National  Research  Council  (NRC)  Committee  (1)  recommended  a 
nutrient  solution  that  would  be  suitable  to  sustain  military  personnel  In  the 
Nuclear,  Biological,  and  Chemical  (NBC)  ensemble  for  2A  hours  (NBC  Nutrient 
solution).  The  solution  was  not  envisioned  to  meet  all  nutrient  needs  but 
would  allow  the  individual  to  function  for  2A  hours  xdiile  drawing  on  body 
nutrient  stores.  The  committee  felt  that  the  casualty  rate  from  heat  stress 
for  Individuals  engaged  In  heavy  work  while  wearing  protective  clothing  would 
not  be  reduced  by  any  nutrient  solution  because  the  rate  of  heat  storage  was 
a  function  of  the  metabolic  rate,  environmental  conditions,  and  clothing 
characteristics.  Nonetheless,  the  NRC  Committee  did  recommend  a  fluid 
replacement  plan  to  avoid  heat  injury  for  soldiers  working  for  sustained 
periods  (24  hours)  of  moderate  activity  (300  watt  workload,  WBGT  21®C)  where 
sufficient  thermal  exchange  could  occur  (Appendix  1).  The  Committee 
concluded  that  water  would  meet  the  soldier’s  needs  for  the  first  6  hours. 
After  6  hours  they  recommended  the  NBC  Nutrient  solution  that  would  contain  a 
minimum  of  500  kcal  and  a  maximum  of  250  mEq  sodium  (Na'^)  In  6  liters  of 
solution  to  be  consumed  over  the  next  18  hours  (Appendix  2).  The  NBC 
Nutrient  solution  would  optimize  physical  performance  by:  replacing  body 
water  losses,  providing  glucose  to  prevent  hypoglycemia  and  ketosis, 
replacing  approximately  50%  of  the  Na'*’  loss,  and  providing  calories  to  lessen 
muscle  glycogen  depletion. 
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Current  doctrine  and  the  design  of  the  M-17A2  mask  restricts  semi-solid 
and  solid  food  Intake  by  soldiers  in  the  mission-oriented  protective  posture 
A  (MOPPA)  ensemble*.  This  will  result  in  a  fasting  state  unless  they  can 
enter  collective  protection  units  to  eat  (2)  or  they  are  provided  a  nutrient 
containing  solution  which  will  allow  them  to  use  the  current  mask  drinking 
system.  It  had  been  predicted  that  soldiers  wuld  be  in  the  MOPPA  ensomble 
no  more  than  2A  hours  when  the  NBC  Nutrient  Solution  was  formulated  (1). 
However,  due  to  the  unpredictability  of  providing  food  supplies  in  wartime, 
there  is  a  possibility  of  longer  periods  of  food  deprivation. 

The  capacity  to  perform  physical  work  decreases  during  starvation  (3-6), 
and  the  deterioration  is  dependent  on  the  duration  of  the  starvation  period 
and  on  the  level  of  physical  activity  (3,5).  Starvation  affects  four 
components  of  performance:  endurance,  strength,  speed,  and  coordination  (.%). 
Subjects  doing  sustained  work  suffer  from  increased  heart  rate  (5)  and 
considerable  nausea  and  side  pain  (3)  while  strength  is  not  affected  (3,5,7) 
in  the  first  5  days  of  starvation.  A  reduction  in  speed,  coordination,  and 
psychomotor  performance  during  the  starvation  period  appears  to  be  dependent 
on  reduced  blood  glucose  (3,8)  and  can  be  reversed  with  the  administration  of 
sugar  (3).  Kety  (lA)  reported  that  a  significant  decrease  in  the  blood 
glucose  level  is  consistently  associated  with  manifestations  of  impaired 
mental  function. 

The  metabolic  acidosis  of  starvation  can  result  in  an  altered  total  body 
water  and  thereby  reduce  physical  performance  (7).  The  loss  of  ketones 
produces  a  concomitant  loss  of  sodium  and  an  accompanying  water  loss  (7,9-13) 

*MOPPA  is  the  military  designation  for  the  NBC  ensemble  consisting  of  M-17A2 
mask,  protective  overgarments,  gloves,  and  rubber  boots. 


2 


which  may  lead  to  dehydration.  Urinary  ketosis  indicates  a  depletion  of 
carbohydrate  (CHO)  reserves  and  a  shift  to  lipids  as  the  preferred  substrate 
(4,15).  It  requires  from  8  to  40  days  for  the  brain  to  shift  to  using 
ketones  as  a  primary  fuel  (16).  Ketosis  does  not  affect  psychometric  testing 
in  the  first  24  hours  of  starvation;  however  there  is  a  deterioration  at  the 
end  of  the  24  hours  (3).  Gamble  (17)  has  shown  that  50  g  of  carbohydrate/day 
is  needed  to  prevent  ketosis  and  the  obligatory  loss  of  sodium  and  water. 
Several  investigators  (14,18,19)  have  reported  that  the  minimum  amount  of 
carbohydrate  needed  by  the  glucose  dependent  tissues  ranges  from  50-200  g/day 
for  the  central  nervous  system  (CNS),  eye  lens,  and  erythrocytes. 

Twenty  four  hours  of  sustained  work  is  difficult,  and  when  the  person  is 
deprived  of  food,  the  abill\.y  to  work  is  decreased.  Prolonged  severe 
exercise  can  elicit  hyperthermia  (20,21),  depletion  of  muscle  glycogen 
(22,23),  and  hypoglycemia  (24,25).  Attempts  to  reduce  these  effects  by 
liquid  nutritional  support  d  mg  exercise  have  produced  mixed  results.  The 
optimal  nutrient  solution  should  (a)  be  absorbed  rapidly  from  the  digestive 
system  allowing  for  maximal  fluid  delivery  to  the  body  and  maintenance  of  an 
adequate  hydration  level,  (b)  provide  carbohydrate  to  the  blood  thereby 
sparing  muscle  and  liver  glycogen  stores  and  preventing  hypoglycemia;  and 
(c)  provide  minerals  to  replace  those  lost  during  heavy  sweating  (26,27). 

Hypohydration  is  a  major  factor  that  can  affect  performance  and  recovery 
from  physical  activity  (28-30).  Hypohydration  causing  greater  than  a  2% 
reduction  in  body  weight  will  decrease  plasma  volume,  increase  osmolality, 
decrease  stroke  volume  and  cardiac  output.  Increase  heart  rate,  increase  core 
temperature,  and  reduce  sweat  rate  and  cutaneous  blood  flow  (29,31-37). 
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significant  loss  of  water  with  accompanying  losses  of  sodium,  potassium, 
magnesium,  and  calcium  can  predispose  an  individual  to  developing  heat 
cramps,  exhaustion,  and  stroke.  Hypohydration  can  adversely  affect 
discipline  and  morale  and  lead  to  moroseness,  aggressiveness,  and  obvious 
signs  of  fatigue  (29). 

Optimal  performance  of  a  fully  acclimatized  person,  performing 
intermittent  hard  work  in  the  heat,  is  achieved  by  continually  replacing  the 
water  lost  in  sweat  (31).  Small  frequent  sips  of  water  (38)  are  recommended 
to  prevent  dehydration  and  attendant  hyperthermia.  However,  subjects 
drinking  water  ad  libitum  tend  to  delay  drinking  and  then  consume  all  their 
fluid  at  one  time  (29).  Observers  have  reported  that  subjects  will 
voluntarily  dehydrate  when  fluid  requirements  are  high  and  thus  will  lose 
greater  than  2.0%  body  weight  (13,29).  Adequate  hydration  helps  maintain 
body  temperature  during  exercise  (21,30,31)  in  the  heat.  If  sufficient  water 
is  Ingested  ad  libitum,  core  temperature  is  maintained  at  a  lower  level  than 
for  a  subject  who  voluntarily  reduces  fluid  consumption  (31). 

The  second  major  factor  that  can  affect  performance  is  carbohydrate 
depletion  (28).  Use  of  carbohydrates  to  prolong  work  time  has  been 
investigated  (23,25,30,39,40-44)  but  the  results  have  not  always  been 
unequivocal  (45-47).  Restriction  of  carbohydrate  Intake  can  lead  to  lower 
levels  of  blood  glucose  and  muscle  glycogen,  two  of  the  major  fuels  for 
muscular  contraction.  Hypoglycemia  resulting  from  depletion  of  liver 
glycogen  has  been  shown  to  be  the  most  Important  factor  inducing  fatigue 
during  continuous  and  intermittent  exercise  (48-51)  in  rats.  However, 
exhaustion  has  not  been  clearly  associated  with  hypoglycemia  in  humans  (47). 

Glucose  concentrations  as  low  as  5%  can  retard  gastric  emptying 
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(26,52-58)  and  reduce  the  absorption  of  the  ingested  fluid.  The  volume  of 
nutrient  solutions  emptied  from  the  stomach  is  delayed  as  the  osmolar 
concentration  of  the  gastric  contents  increases.  This  delayed  emptying  of 
hyperosmotic  gastric  content  can  cause  nausea  and  discomfort.  Coyle  (54) 
reported  that  plain  water  emptied  392  faster  than  a  4.6%  glucose  solution. 
Meufer  et  al.  (58)  observed  that  water  emptied  22%  faster  than  a  5% 
maltldextrin  solution,  and  exercise  at  50-70%  t02max  Increased  gastric 
empt^i-ig.  The  total  carbohydrate  delivered  from  a  5%  carbohydrate  solution 
is  Inadequate  to  meet  the  carbohydrate  requirement  of  heavy  exercise  (24). 
However,  continued  Ingestion  of  a  carbohydrate  solution  can  stabilize  blood 
glucose  levels  and  thus  the  work  rate  (31,41-43,59-63)  when  compared  to 
water. 

The  third  major  factor  that  may  affect  performance  is  electrolyte 
balance.  Costill  (64)  described  electrolyte  losses  in  the  sweat,  and 
observed  sodium  losses  of  40-60  mEq/L  sweat.  While  excessive  sweating 
results  in  large  water  losses  but  not  equally  large  electrolyte  losses  (65), 
12  liters  of  sweat  could  result  In  losses  of  480-720  mEq  of  sodium. 

Researchers  do  not  agree  on  the  need  for  electrolyte  replacement  during 
exercise  in  the  heat.  Francis  (66)  recommended  supplementation  of  sodium  and 
potassium.  Frizzell  et  al.  (67)  reported  on  two  cases  of  hyponatremia 
resulting  from  excessive  consumption  of  dilute  fluids  (about  20  liters 
containing  196  mEq  Na'*’)  during  excessive  sweating  in  ultramarathon  running, 
and  concluded  that  under  these  conditions  some  replacement  of  sodium  is 
necessary.  Pitts  et  al.  (31)  reported  that  replacement  of  salt  hour  by  hour 
during  heavy  sweating  has  no  demonstrable  advantage  for  fully  acclimatized 
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men  who  receive  adequate  amounts  of  salt  In  their  daily  diet.  There  was  a 
tendency  for  0.2%  aqueous  saline  solution  to  maintain  the  rate  of  sweating 
better  than  plain  water  but  performance  was  not  improved  (31).  Americans 
usually  Ingest  10-15  g  NaCl/day  (68)  when  only  250  mg  of  sodium  (0.625  g 
NaCl)  is  needed  to  meet  the  physiologic  needs  of  people  who  do  not  experience 
excessive  fluid  loss.  Most  research  on  salt  replacement  studied  the  problem 
for  2-6  hour  periods  (31,65)  with  losses  up  to  1.5  liters  of  sweat/hour, 
followed  by  a  meal  soon  afterward.  However,  moderate  sustained  activity  for 
24  hours  in  a  hot  environment  could  cause  losses  of  up  to  12  liters  of  sweat 
and  480-720  mEq  (1104-1656  mg)  of  Na'*’  per  day  (40-60  mEq  Na'*'/L  sweat).  Food 
deprivation  could  preclude  salt  replacement  and  available  food  may  not  be 
eaten  because  of  ignorance  or  anorexia  in  the  heat.  Sustained  exercise, 
excessive  fluid  loss  due  to  heavy  sweating,  and  lack  of  regular  meals  suggest 
that  some  replacement  of  sodium  may  be  Important. 

A  nutrient  solution  designed  for  24  hours  of  sustained  exercise  should 
contain  <5%  carbohydrate  so  as  not  to  delay  gastric  emptying;  provide 
>50-100  g  carbohydrate /day  to  prevent  hypoglycemia  and  metabolic  acidosis; 
and  contain  enough  sodium  to  replace  a  portion  of  the  480-720  mEq  Na"*"  loss. 
The  NBC  Nutrient  Solution  meets  all  the  criteria  for  a  successful  nutrient 
solution  for  sustained  exercise,  but  studies  are  needed  to  determine  if  the 
NBC  Nutrient  Solution  will  Improve  sustained  performance  under  hot 
environmental  conditions.  Testing  of  the  NBC  Nutrient  solution  on  soldiers 
in  M0PP4  ensemble  vjould  be  preferred.  However  testing  subjects  in  M0PP4 
configuration  introduces  extraneous  problems  (i.e.  facial  itch  due  to  beards 
in  the  mask,  urine  and  fecal  excretion  in  an  ensemble  that  is  not  designed  to 
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address  the  problem,  computer  te,«ting  with  bulky  gloves,  etc.)  which  might 
interfere  with  a  sustained  test  of  physiological  and  psychological  variables. 
Another  consideration  in  testing  the  NBC  Nutrient  solution  should  be  the 
method  of  hydration.  Allowing  ad  libitum  intake  of  the  solution  would  give 
important  data  on  differences  due  to  the  acceptability  of  the  NBC  Nutrient 
solution  but  would  make  it  very  difficult  to  determine  the  effects  of  the 
solution  when  hypohydration  is  not  a  major  Intervening  variable. 
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OBJECTIVES 


The  objectives  of  this  study  were  to  detetil^ine  the  effects  of  the  NBC 
Nutrient  solution  on  the  following  variables: 

1.  nutritional  status 

2.  thermoregulation  during  exercise  in  the  heat 

3.  endurance  capacity 

4.  vigilance  and  alertness 

5.  leg  strength  and  lifting  capacity 

6.  solution  acceptance,  hunger,  and  thirst  as  a  function  of  time 

7.  cognitive  state  and  motor  performance  skills 

8.  subjective  reactions 

The  NBC  Nutrient  scl«--ion  was  tested  without  MOPP  encapsulation  but  under 
environmental  conditions  that  would  simulate  working  in  M0PP4  configuration 
for  sustained  periods  (24  hours)  at  xnoderate  activity  (300  watt  workload, 
WBGT  21®C)  (Appendix  1).  Fluid  Intake  was  encouraged  to  prevent  dehydration 
from  complicating  the  comparison  of  the  NBC  Nutrient  solution  to  water  on 
physiological  and  psychological  variables. 
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Twelve  male  subjects  between  the  ages  of  18  and  35  years  volunteered  for 
this  test  after  a  full  disclosure  of  the  objectives,  methods,  and  risks  of 
the  study.  The  data  from  one  subject  (#6)  were  not  Included  in  some  of  the 
physiological  and  psychological  analyses  because  of  an  upper  respiratory 
infection  that  affected  temperature,  heart  rate,  etc.  The  subjects  were 
tested  on  two  different  fluids.  The  NBC  Nutrient  solution  contained 
562  kcal,  140  g  carbohydrate  (2. 34%),  and  145  mEq  Na"*"  (0.056%)  in  6  liters  of 
solution  with  an  osmolality  of  160-180  mOsm/kg.  The  control  solution  was 
water  containing  the  same  amount  of  coloring  and  flavoring  as  was  added  to 
the  NBC  Nutrient  solution  (Appendix  2).  Aspartame  should  have  been  Included 
in  the  control  solution  to  approximate  the  sweetness  of  the  NBC  Nutrient 
solution  but  was  inadvertantly  excluded.  Cool  (15®C)  spring  water  was  used 
to  prepare  both  the  control  and  NBC  Nutrient  solution.  Both  solutions  were 
stored  at  room  temperature  until  they  were  taken  into  the  climatic  chamber. 
Six  subjects  were  tested  at  any  one  time,  the  assignment  of  the  solutions  was 
counterbalanced  to  minimize  the  effects  of  order  of  administration. 

The  training  and  24 -hour  Heat  Stress  portions  of  the  study  were  conducted 
in  a  large  environmental  chamber  equipped  with  two  4-man  treadmills.  The 
following  conditions  were  carefully  controlled  during  the  24-hour  Heat  Stress 
tests:  fluid  consumption  was  encouraged  to  maintain  euhydratlon  (0.5 
liter/hour  sweat  rate),  24  hours  of  sustained  activity  (45  min  work/45  min 
rest),  a  mean  metabolic  rate  during  exercise  of  about  400  watt  (3.5  mph, 
level  treadmill),  and  a  hot/dry  environment  (37°C,  20%  rh,  wind  speed=2  mph). 


GENERAL  METHODS 


The  study  was  composed  of  4  phases:  I)  10-days  of  training  and  heat 
acclimation,  II)  24-hour  Heat  Stress  test  with  ingestion  of  one  fluid,  III)  6 
days  of  recuperation,  and  IV)  another  24-hour  Heat  Stress  test  with  ingestion 
of  the  second  fluid  (Appendix  3).  The  complete  cycle  of  tests  (4  phases) 
lasted  approximately  3  weeks. 

During  phase  I  the  subjects  were  heat-  and  exercise-acclimated  and 
trained  in  all  tasks  that  they  would  perform  during  the  24-hour  tests.  The 
10-day  training  period  was  selected  to  eliminate  the  confounding  effects  of 
progressive  acclimation  and  learning.  Ingestion  of  the  control  solution  and 
the  NBC  Nutrient  Solution  was  encouraged  during  the  acclimation  sessions  to 
familiarize  the  subjects  with  the  flavors  of  the  two  solutions  and  to  collect 
baseline  acceptance  data.  Subjects  were  instructed  as  to  the  importance  of 
maintaining  hydration.  Pre-test  baseline  data  were  collected.  Each 
subject’s  post-breakfast  body  weight  was  determined  daily  during  the  training 
week  to  establish  a  baseline.  Body  composition  measurements  of  lean  body 
mass  and  percent  body  fat  were  determined  by  hydrostatic  weighing.  Pre¬ 
testing  for  muscle  strength  was  conducted  from  1000-1400  hours  on  the  day 
prior  to  the  24-hour  Heat  Stress  test.  Maximal  aerobic  power  was  determined 
by  a  treadmill  running  test.  During  the  training  phase,  subjects  were  heat 
acclimated  by  walking  on  a  level  treadmill  in  a  hot  (37*^0,  50%  rh,  wind 
speed=2  mph)  environment. 

During  a  24-hour  Heat  Stress  Test  day  the  tests  were  conducted  in  a  hot- 
dry  (37°C,  20%  rh,  wind  speed=2  mph)  environment.  The  subjects  collected 
their  urine  as  soon  as  they  awoke  on  the  test  day  (PRE).  The  volunteers 
reported  to  the  climatic  chambers  facility  at  0600  hours  to  eat  a  light 
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breakfast  consisting  of  orange  juice,  bananas,  cold  cereal,  milk,  bagels,  and 
donuts.  The  subjects  proceeded  to  the  locker  room  facility  to  be 
Instrumented  with  a  rectal  thermistor  (10-cm  insertion)  and  a  three  point 
skin  harness.  ECG  electrodes  were  attached  and  connected  to  a  battery 
powered  transmitter  carried  in  a  belt  pouch  lor  ECG  telemetry.  Subjects  were 
weighed  nude  (post  urination)  and  again  after  dressing  and  instrumentation. 
The  assigned  clothing  was  shorts,  T-shirts,  socks,  and  tennis  shoes  (MOPPO). 
The  subjects  were  fitted  with  an  in-dwelling  venous  catheter  (butterfly-type) 
equipped  with  a  heparin  lock  (forearm  vein).  A  baseline  (PRE)  venous  blood 
(14  ml)  was  drawn  after  the  subject  had  stood  quietly  for  20  minutes  in  a 
comfortable  (20°C)  environment.  As  soon  as  the  subjects  entered  the  climatic 
chamber  they  were  weighed  with  all  their  equipment  and  the  Food  Acceptance 
and  Subjective  Self-Report  Questionnaire  was  administered. 

The  24  hours  of  the  Heat  Stress  test  (repetitions  of  45  min  exercise, 

45  min  rest/test)  was  divided  into  six  hour  blocks  and  the  sequence  of  events 
was  similar  in  each  six  hour  block  (Appendix  4).  Subjects  had  the  right  to 
terminate  testing  voluntarily  without  prejudice,  and  roost  of  the  subjects 
withdrew  prior  to  completing  24-hours  of  testing  (XfjgQ= 17. 1^3.6  h, 
Xcontrol~^®*0i2.9  h.  General  Assessment  section).  None  of  the  subjects 
reached  the  pre-set  safety  criteria  (180  bpm  heart  rate  or  39.5°C  rectal 
temperature)  for  medical  termination  from  the  study  (Appendix  5).  During  the 
Heat  Stress  Tests,  the  subjects  ingested  the  control  solution  or  the  NBC 
Nutrient  Solution  ad  libitum  except  for  a  15-minute  period  prior  to  blood 
drawing  and  during  timed  tests.  This  15-minute  period  was  used  to  control 
for  gastrointestinal  absorption  biasing  the  collected  blood  samples.  During 
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the  rest  periods  the  subjects  were  weighed  and  rehydrated  as  necessary  with 
the  control  solution/NBC  Nutrient  Solution  to  maintain  baseline  body  weight 
(+2X).  Body  temperature  and  heart  rate  were  conti.nuously  monitored.  Venous 
blood  samples  (about  5  ml)  were  withdrawn  30  minutes  into  every  even  numbered 
exercise  bout,  and  all  urine  was  collected  during  the  rest  periods.  The  Food 
Acceptance  and  Subjective  Self-Report  Questionnaire  was  distributed  to  each 
subject  on  every  even  numbered  rest  period.  The  Cognitive,  Motor 
Performance,  and  Self-Reported  Symptoms  and  Mood  States  tests  were 
administered  every  6  hours. 

When  the  soldiers  voluntarily  ended  participation  or  at  the  2Ath  hour, 
whichever  came  first,  the  venous  blood,  urine,  and  weights  were  sampled  again 
for  the  post-test  measurements.  A  final  Self-Reported  Symptoms  and  Mood 
States  test  and  the  Food  Acceptance  and  Subjective  Self-Report  post-test 
questionnaire  were  administered  before  the  subject  could  leave  the  chamber. 
Post-testing  for  muscle  strength  was  conducted  for  those  subjects  that  had 
completed  2A  hours  of  testing. 
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METHODS 

Subjects  were  weighed  on  a  K-120  Sauter  balance  prior  to  the  start  of  the 
first  exercise  bout,  after  every  exercise  bout,  and  when  participation  was 
terminated  in  the  2A-hour  heat  stress  test. 

Each  subject  was  given  a  500  cc  container  of  the  appropriate  solution. 
When  the  container  was  emptied,  another  container  was  furnished.  The 
subjects  were  encouraged  to  drink  at  least  500  cc  of  fluid  per  hour  and 
encouraged  to  drink  vrtienever  their  body  weight  fell  below  the  starting 
weight.  Fluid  Intake  was  recorded  as  the  subject  was  given  a  new  container 
of  fluid  and  when  unconsumed  fluids  were  returned. 

The  time  that  had  elapsed  when  a  subject  terminated  the  heat  stress  test 
was  recorded  and  used  to  calculate  endurance  time. 
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upper  respiratory  infection  after  completing  the  NBC  trial  but  before 
starting  the  control  trial,  his  data  v/ere  not  included  in  some  of  the 
physiological  and  psychological  analyses  that  may  have  been  affected  by  his 
illness.  The  mean  percent  body  fat  (15.9+6.52)  was  average  for  young  men  but 
the  values  ranged  from  very  lean  to  slightly  obese.  The  relative  ^02max 
(54.2+7.8  ml/kg/mln)  indicated  above  average  aerobic  fitness  for  the  group 
with  a  range  from  somewhat  low  (42.1  ml/kg/min)  to  very  high  aerobic  fitness 
(63.5  ml/kg/mln). 

Results  indicated  that  efforts  to  maintain  euhydration  by  forcing  fluids 
were  fairly  successful.  The  sweating  rate  and  fluid  intake  data  (Table  2) 
Indicated  that  the  subjects  were  receiving  enough  fluid  to  replace  sweat  (NBC 
738.9*249.3  ml/hour,  Control  663.1*195.9  ml/hour).  While  the  difference  in 
fluid  intake  was  not  statistically  significant,  the  fluid  intake  for  the 
control  trial  was  10%  less  than  for  the  NBC  trial.  However,  the  relatively 
high  urinary  output  placed  the  subjects  in  a  slightly  negative  fluid  balance 
as  indicated  by  their  weight  loss.  Pre-test  differences  in  body  weight 
between  the  two  fluid  trials  were  not  significant  (Figure  1)  which  indicated 
that  the  subjects  were  able  to  maintain  their  baseline  weights.  There  were 
no  significant  differences  between  the  pre-  minus  post-test  body  weights  for 
each  24-hour  test.  There  was  a  slightly  greater  but  statistically 
insignificant  overall  weight  loss  pre-  to  post-test  during  the  control  trial 
(1.60+1.19  kg,  1.98%)  compared  to  the  NBC  Nutrient  solution  trial 
(1.05+0.78  kg,  1.35%). 

The  total  experimental  time  spent  in  exercising  and  testing  (endurance 
time)  for  each  subject  and  solution  is  presented  in  Table  3.  The  means  for 
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the  two  trials  were  not  significantly  different  .  1+3 . 6  h,  29.8  miles; 

Xcontrol“^^*®i^'®  h,  28.0  miles).  The  effects  of  the  order  of  administration 
(first  or  second  24-h  test)  on  endurance  times  for  the  control  solution  data 
were  not  significantly  different.  However,  the  order  of  administration 
caused  a  significant  difference  (p<0.05)  in  endurance  times  for  the  NBC 
Nutrient  solution  trial  in  as  much  as  the  subjects  who  received  the  NBC 
Nutrient  solution  in  the  first  24-hour  test  lasted  longer,  and  this  trial 
contained  the  only  subjects  to  complete  24  hours  of  the  study.  The  range  of 
endurance  times  for  the  NBC  Nutrient  solution  trial  was  13.25  to  24  hours 
whereas  the  range  for  th-e  control  solution  was  9  to  20.5  hours.  The  reasons 
that  were  given  for  discontinuing  the  experiment  were  varied,  but  the  major 
reasons  were  foot  problems  and  blisters  (Table  4,  Appendix  5). 

The  muscle  strength  and  muscular  endurance  data  could  not  be  used  to 
compare  the  tw  solutions  because  only  subjects  drinking  the  NBC  Nutrient 
solution  completed  the  24-hour  tests  (Appendix  6).  The  subjects  drinking  the 
control  solution  had  a  maximum  endurance  time  of  20.5  hours. 

The  diet  histories  for  the  two  days  prior  to  the  24-hour  tests  (Tables  5 
&  6)  showed  that  the  caloric  intakes  were  not  significantly  different 
(Table  7).  The  subjects  ate  a  light  breakfast  on  the  morning  of  the  study 
(Tables  8  &  9)  and  the  pre-study  breakfast  meals  were  not  significantly 
different  (Table  10)  for  the  two  fluid  conditions. 
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DISCUSSION 


The  small  amount  of  weight  loss  (<2%  body  weight)  in  both  fluid  trials 
demonstrated  that  hydration  was  maintained.  Despite  frequent  attempts  to 
replace  all  weight  loss  with  fluid,  efforts  were  unsuccessful,  demonstrating 
the  difficulty  in  maintaining  hydration  status  during  exercise  in  the  heat. 
Previous  food  deprivation  studies  have  shown  that  weight  loss  of  normal 
individuals  usually  averages  about  1.2  kg/day  (1-3).  The  weight  loss  for 
both  fluid  conditions  was  similar  to  previous  studies  and  not  significantly 
different  from  each  other.  The  subjects  lost  more  weight  when  drinking  the 
control  solution  (1.60;^1.19  kg)  compared  to  the  NBC  Nutrient  solution 
(1.05+0.78  kg)  even  though  the  fluid  balance  for  both  trials  was  similar 
(difference  of  5.9  cc/h).  Since  the  subjects  in  the  control  trial  were  in  a 
food  deprived  state,  the  difference  in  weight  loss  might  be  attributed  to  a 
negative  energy  balance  rather  than  to  dehydration.  It  is  possible  that 
maintenance  of  body  weight  would  have  overhydrated  the  subjects  in  both 
trials  since  they  were  in  a  caloric  deficient  state.  The  mean  weight  loss 
(1.992)  for  the  control  trial  was  slightly,  but  not  significantly  greater 
than  for  the  NBC  Nutrient  solution  trial  but  less  than  the  2-3%  (4-11)  that 
is  considered  indicative  of  dehydration. 

There  were  no  significant  differences  between  the  two  solutions  in  terms 
of  endurance  time.  While  the  subjects  were  motivated  to  participate  in  the 
study,  it  was  not  possible  to  motivate  them  to  complete  both  24-hour  tests  to 
the  same  extent  that  might  be  experienced  during  combat.  Most  subjects  had 
to  leave  the  study  due  to  reasons  that  were  extraneous  to  the  intent  of  the 
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test  such  as  foot  problems  and  chafing.  It  is  not  anticipated  that  soldiers 
would  need  to  walk  A2  miles  (3.5  mph  x  12  h  of  walking)  to  remove  themselves 
from  the  presence  of  NBC  agents.  Mixing  exercise  types  may  have  more 
accurately  reflected  a  real  life  scenario;  however,  treadmill  exercise 
allowed  a  controlled  workload  comparison  between  the  control  and  NBC  Nutrient 
solutions.  In  addition,  it  was  used  to  elicit  the  desired  sweating  rates 
with  a  mlnlmuir  of  local  fatigue  as  occurs  during  many  other  types  of 
exercise. 

Another  variable  that  was  not  anticipated  was  the  Individual  recovery 
time  from  blisters  between  the  administration  of  the  two  solutions.  The 
randomized  crossover  design  was  adopted  to  account  for  the  possibility  of  an 
insufficient  recovery  time  and  for  the  possibility  of  decreased  motivation  to 
participate  in  the  second  24-hour  test  but  recovery  time  for  blisters  was  not 
considered.  The  data  showed  that  the  order  of  presentation  of  the  NBC 
Nutrient  solution  did  affect  the  endurance  time.  A  longer  recovery  period 
might  have  decreased  the  effects  of  the  order  of  administration  for  the  NBC 
Nutrient  solution. 

The  ability  of  an  individual  to  sustain  an  optimal  level  of  performance 
in  a  state  of  food  deprivation  is  contingent  on  many  variables,  many  of  which 
are  interdependent  (12).  Some  of  the  factors  that  are  most  relevant  to  this 
study  as  stated  by  Pellett  (12)  are:  the  level  and  frequency  of  activity, 
environmental  temperature  and  humidity,  previous  energy  stores,  age,  health, 
physiological  status,  and  any  physiological  or  psychological  stresses  during 
the  food  deprivation  period  that  may  affect  hormonal  status.  These  variables 
may  determine  the  efficacy  of  any  nutrient  solution  to  sustain  an  individual 
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for  a  long  period  of  time  in  a  state  of  semi-starvation.  Three  subjects 
(including  subject  #6)  completed  an  entire  24-hour  session  in  the  heat  and  it 
is  interesting  that  all  were  ingesting  the  NBC  Nutrient  solution.  However 
the  mean  endurance  time  (excluding  subject  #6)  for  the  NBC  Nutrient  solution 
(17  h)  was  not  significantly  greater  than  for  the  control  solution  (16  h). 
Other  complaints  such  as  sore  feet,  chafing,  foot  blisters,  and  heat  rash, 
apparently  not  directly  related  to  exhaustion,  made  it  difficult  to  determine 
the  effects  of  the  NBC  Nutrient  solution  on  endurance  time. 

CONCLUSIONS 


1.  The  subjects  maintained  hydration  fairly  well  (<2%  weight  loss).  While 
there  was  no  significant  difference  between  trials,  during  the  NBC  Nutrient 
solution  trial  the  subjects  lost  1.05  kg  (1.35%)  body  weight  and  1.60  kg 
(1.98%)  was  lost  during  the  control  trial. 

2.  The  endurance  time  for  the  NBC  Nutrient  solution  (17.1+3.6  hours)  was 
longer  than  for  the  control  solution  (16.0+2.9  hours)  but  the  difference  was 
not  significant. 
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Table  1.  Physical  characteristics  of  subjects  that  completed  the  NBC 
Nutrient  Solution  and  control  solution  trials  (n=ll)^. 


Variable 

Mean+SD 

Range 

Age,  years 

23.5+  4.6 

19.00-  32.00 

Height,  cm 

176.2+  5.2 

165.00-183.00 

Weight,  kg 

78.7+12.7 

59.65-  97.05 

Body  fat,  X 

15.9+  6.5 

6.60-  27.50 

^02niax,  1/mln 

4.2+  0.5 

2.96-  4.98 

t02max,  ml/kg/mln 

54.2+  7.8 

42.10-  63.50 

^Excluding  subject  #6. 
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Table  2.  Fluid  balance  for  subjects  consuming  the  NBC  Nutrient  solution  and 
a  control  solution. 


FLUIDS 

CONTROL  SOLUTION 

NBC  NUTRIENT  SOLUTION 

P 

OUTPUT 

Sweating  Rate 

(ml/h) 

518.0+205.0 

5A7. 0+194.0 

Urine  Output 

(ml/h) 

228.6+139.5 

281.3+186.1 

NS 

INTAKE 

Fluid  Intake 

(ml/h) 

663.1+195.9 

738.9+249.3 

NS 

BALANCE  (ml/h) 

-83.5 

-89.4 

^Excluding  subject  #6. 


^Mean+SD 
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Table  3.  Endurance  time  for  the  NBC  Nutrient  solution  and  the  control 
solution  during  24-hour  heat  stress  trials. 


Number  of  Hours  Completed 

(hours:  min) 

SUBJECT 

CONTROL  SOLUTION  NBC 

NUTRIENT  SOLUTION 

1 

13:30 

16:40 

2 

17:50 

24:00 

3 

16:32 

13:17 

4 

16:20 

15:17 

5 

15:40 

16:10 

6 

9:45 

24.00 

7 

16:15 

14:45 

8 

9:00 

15:05 

9 

16:15 

14:45 

10 

16:32 

16:10 

12 

20:35 

24:00 

13 

17:48 

17:37 

Mean^ » ^ 

16:00  (16.0+2.9  h) 

17:06  (17.1+3.6  h) 

P 

NS 

^Excluding  Subject  #6. 
^Mean^SD  in  parentheses. 
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Table  4.  Reasons  for  terminating  participation  In  the  24-hour  heat  stress 
trials. 


SUBJECT  CONTROL  SOLUTION  NBC  NUTRIENT  SOLUTION 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

12 

13 


Heat  Rash 

Too  tired,  exhausted 

Chafing  between  legs, 
leg  cramps 

Too  tired,  dehydrated, 
will  not  drink 

Leg  cramps,  heat  rash 

URI,  sore  throat, 
feels  terrible 

Sore  knees 

Feet  hurt 

Blisters 

Nauseated,  light-headed, 
headache 

Fatigue 

Blisters 


Chafing  from  probe 
Finished  24-h  test 
Chafing  between  legs 

Foot  blisters,  heat  rash 

Feet  gave  out,  exhausted, 
cold,  weaving  on  treadmill 

Finished  24-h  test 

Sore  knees  &  ankles,  chafing 
Feet  hurt 

Sore  knees,  blisters 
Chafing  rectal  probe 

Finished  24-b  ’■est. 

Blisters 
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Table  5 

stress 

.  Diet  history  for  the  two  days  (Mean) 
test  for  the  control  trial. 

prior  to  the  2A-hour  heat 

Subject 

Kcal 

CHO(g) 

Pro(g) 

Fat(g) 

Na+(mg) 

1 

115A.0 

150.0 

A9.0 

AO. 3 

3586.5 

2 

3A92.0 

A27.0 

116.6 

1A6.5 

2A82.0 

3 

1718.5 

150.9 

87.7 

83.8 

20AA.5 

A 

2085.0 

298.1 

7A.6 

69.6 

AA73.5 

5 

1617.0 

265.1 

556.5 

AO. 7 

2519.0 

6 

2127.5 

162.8 

108.0 

116.3 

2792.0 

7 

2872.0 

229.3 

161.0 

1A6.0 

6875.0 

8 

1563.0 

170.6 

75. A 

65.3 

1675.5 

9 

3905.5 

5AA.6 

1A6.3 

127.2 

A120.5 

10 

1329.0 

190.7 

38.7 

A8.3 

1A01.5 

12 

2078.5 

2AA.5 

106.5 

7A.1 

3A23.0 

13 

25A9.0 

2A2.7 

129. A 

120.1 

3928.5 
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Table  6.  Diet  History  for  the  two  days  (Mean)  prior  to  the  24-hour  heat 
stress  test  for  the  NBC  Nutrient  Solution  trial. 


Subject 

Real 

CHO(g) 

Pro(g) 

Fat(g) 

Na+(ing) 

1 

1786.0 

234.7 

70.6 

65.7 

3131.0 

2 

2805.0 

360.7 

81.2 

116.0 

3550.0 

3 

2446.5 

211.0 

128.8 

120.0 

2398.5 

4 

1923.0 

288.2 

121.0 

59.05 

2221.0 

5 

3010.5 

453.0 

108.8 

81.6 

6452.0 

6 

1586.5 

133.6 

75.1 

83.3 

3230.5 

7 

3496.5 

364.0 

164.8 

154.8 

3912.0 

8 

2207.5 

337.1 

67.0 

70.5 

1996.0 

9 

2528.5 

273.5 

109.5 

111.0 

2125.0 

10 

2539.5 

199.3 

138.8 

132.2 

2436.0 

12 

1969.5 

232.7 

74.1 

82.7 

2608.0 

13 

3036.0 

340.6 

148.6 

124.0 

5110.0 
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Table  7.  Dietary  composition  of  food  intake  for  2  days  prior  to  the  2A-hour 
heat  stress  tests  for  the  control  and  NBC  Nutrient  solution  trials.^ 


FLUID 

CONDITION 

Real 

CHO 

(g/day) 

Protein 

(g/day) 

Fat 

(g/day) 

Na+ 

(mg/day) 

Control 

Mean 

221A.9 

26A.9 

1A0.2 

87.  A 

3320.9 

SD 

89A.8 

121.8 

1A3.3 

AO. 6 

1562.6 

NBC 

Mean 

2522.6 

299.5 

110.3 

101.6 

3267.2 

SD 

533.2 

78.7 

33.6 

31.2 

1A12.A 

P 

NS 

NS 

NS 

NS 

NS 

^Excluding  subject  #6 
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Table  8.  Diet  history  for  breakfast  meal  on  the  day  of  the  24-hour 
heat  stress  test  for  the  control  trial  (Mean) . 


Subject 

Real 

CHO(g) 

Pro(g) 

Fat(g) 

Na‘^(mg) 

1 

826.0 

118.8 

53.4 

24.4 

1025.0 

2 

895.0 

184.0 

31.9 

8.1 

688.0 

3 

756.0 

109.8 

21.6 

27.1 

792.0 

4 

1100.0 

173.4 

33.2 

30.3 

1246.0 

5 

1475.0 

220.2 

53.0 

44.6 

1784.0 

6 

536.0 

69.5 

22.4 

20.6 

637.0 

7 

840.0 

132.1 

35.9 

18.4 

1127.0 

8 

889.0 

157.4 

25.1 

23.0 

1169.0 

9 

780.0 

141.8 

22.3 

15.9 

573.0 

10 

335.0 

49.7 

4.2 

13.6 

329.0 

12 

710.0 

99.3 

16.3 

29.7 

836.0 

13 

1248.0 

161.6 

45.5 

48.0 

1612.0 
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Table  9.  Diet  History  for  the  breakfast  meal  on  the  morning  of  the  24-hour 


heat  stress  test 

for  the  NBC 

Nutrient 

Solution 

trial  (Mean) 

• 

Sub j  ect 

Real 

CHO(g) 

Pro{g) 

Fat(g) 

Na‘''(mg) 

1 

354.0 

53.8 

4.4 

13.6 

332.0 

2 

869.0 

142.5 

30.2 

20.3 

1027.0 

3 

1265.0 

203.4 

34.1 

37.9 

1226.0 

4 

1374.0 

297.6 

60.5 

8.9 

1652.0 

5 

1532.0 

261.4 

40.9 

38.3 

1569.0 

6 

882.0 

127.7 

33.5 

26.7 

1142.0 

7 

1204.0 

193.4 

39.5 

32.5 

1237.0 

8 

650.0 

96.8 

19.2 

21.1 

943.0 

9 

804.0 

139.9 

25.0 

16.5 

819.0 

10 

554.0 

119.8 

18.6 

2.9 

854.0 

12 

596.0 

96.2 

14.9 

16.6 

699.0 

13 

725.0 

115.7 

20.5 

21.2 

941.0 
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Table  10.  Dietary  composition  of  the  breakfast  meal  on  the  study  days  for 
the  control  and  NBC  Nutrient  solution  trials^. 


FLUID 

CONDITION 

Kcal 

CHO(g) 

Pro(g) 

Fat(g) 

Na+(mg) 

Control 

Mean 

895.8 

140.7 

31.1 

25.7 

1016.5 

SD 

298.5 

46.4 

15.4 

12.3 

435.0 

NBC 

Mean 

902.5 

156.4 

28.0 

20.9 

1027.2 

SD 

382.5 

74.6 

15.4 

11.3 

380.3 

P 

NS 

NS 

NS 

NS 

NS 

^Excluding  subject  #6. 
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FIGURE  LEGEND 

Figure  1.  Body  weight  (kg)  after  each  45  minute  exercise  bout  in  the  heat 
for  the  NBC  Nutrient  solution  and  control  solution  (colored  and 
flavored  water).  Each  subject  participated  in  both  trials  (n=ll). 
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CARDIOVASCULAR  AND  THERMAL  REGULATION 


METHODS 

Heat  Acclimation  and  Maximal  Aerobic  Power  Determination 

Heat  acclimation  consisted  of  daily  treadmill  walking  at  1.56  m*sec"* 

(3.5  mph)  and  0%  grade  for  two  50-minute  exercise  bouts  separated  by  a  lO-min 
rest,  in  a  hot  environment  (Ta=37°C,  rh=50%,  wind  speed=2  mph).  Heart  rate 
(HR)  and  rectal  temperature  (T^g)  were  continuously  monitored  during  these 
sessions.  All  testing  was  conducted  while  subjects  wore  gym  shorts, 

T-shirts,  socks  and  comfortable  athletic  shoes.  Drinking  of  fluids  was 
encouraged  throughout  the  acclimation  process.  For  the  first  five  subjects, 
who  were  partially  heat  acclimated  from  previous  heat  exposure,  the 
acclimation  process  was  complete  after  six  days  (days  4  and  5  were  separated 
by  two  vreekend  days).  Two  additional  heat  acclimation  days  were  Included 
between  the  two  24-hour  tests  to  Insure  maintenance  of  acclimation  status. 

For  the  last  six  subjects,  who  were  not  previously  exposed  to  a  hot 
environment,  the  acclimation  schedule  was  five  consecutive  days,  a  weekend 
(two  days)  off,  followed  by  three  more  heat  acclimation  days.  For  these 
subjects,  the  acclimation  process  was  complete  by  the  eighth  day.  Two 
additional  acclimation  days  were  also  included  for  this  group  between  the  two 
24-h  tests.  Due  to  scheduling  conflicts  for  testing  facilities,  this  second 
group  of  six  subjects  was  required  to  acclimate  in  a  smaller  environmental 
chamber  on  days  1,  3,  5  and  6.  The  subjects  walked  on  a  level  treadmill,  as 
described,  for  one  50  rain  exercise  bout,  and  for  the  other  exercise  bout  they 
performed  cycle  exercise  (60  rpra)  at  90W  to  approximate  the  exercise 
intensity  of  "he  treadmill  exercise  (^02  ~  1.1  ^  02/mln) .  The  environmental 
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conditions  were  similar.  Because  In  this  smaller  chamber  humidity  could  not 
be  maintained  below  50%,  all  of  the  acclimation  was  conducted  at  this 
relative  humidity  level.  Criteria  for  the  attainment  of  heat  acclimation 
were  the  achievement  of  equivalent  final  and  HR  on  two  consecutive  heat 
acclimation  days.  Only  those  days  where  testing  occurred  In  the  large 
environmental  chamber  (where  only  treadmill  exercise  was  employed)  were  used 
In  these  determinations. 

A  maximal  aerobic  power  test  was  conducted  In  the  afternoon  during  the 
acclimation  week.  The  maximal  treadmill  test  was  progressive  In  Intensity 
and  continuous  In  nature.  The  Initial  treadmill  grade  was  zero,  and  was 
Increased  by  2.5%  Increments  for  each  1.5-minute  exercise  bout.  Each 
subject’s  running  velocity  (2.68  or  3.13  m»sec'^ )  was  determined  from  his 
heart  rate  response  to  a  5-mlnute  warm-up  walk  (1.56  m»sec“^  at  10%  grade). 

If  the  elicited  heart  rate  response  equalled  or  was  greater  than  145  bpm,  the 
2.68  m»sec"‘  velocity  was  selected  for  the  maximal  test.  Established 
criteria  were  employed  for  determination  of  peak  ^©2  for  the  2.68  m*sec“* 

(6  n^ih)  and  3.13  m»sec“*  (7  mph)  tests  (1,2). 

24-Hour  Heat  Stress  Tests 

During  the  24-hour  tests,  electrocardiograms  were  obtained  with  chest 
electrodes  (CM  5  placement)  and  continuously  radiotelemetcrec  to  an 
oscilloscope-cardiotachometer  unit  (Hewlett-Packard).  Rectal  tenqjerature  was 
recorded  from  a  flexible  thermistor  probe  (Yellow  Springs  Instrument,  Inc. 
[YSI])  Inserted  ~  10  cm  beyond  the  anal  sphincter.  Skin  temperature  was 
monitored  T^lth  a  three-point  thermocouple  skin  harness  (chest,  calf,  forearm) 
and  mean  weighted  skin  temperature  (Tgj^^)  was  calculated  (3).  During  the 
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A5-mln  exercise  sessions,  T^g  and  Tgj^  were  recorded  and  plotted  for  each 
subject  at  2-min  intervals.  During  the  45-min  periods  when  subjects  were  not 
exercising,  Tj-g  was  monitored  with  a  portable  YSI  telethermometer.  Testing 
was  terminated  for  any  subject  whose  Tj.g  reached  39.5°C,  or  whose  HR  reached 
or  exceeded  180  b»mln”*  for  five  consecutive  minutes  during  exercise.  In 
addition,  exercise  was  terminated  at  the  request  of  the  test  subject,  or 
the  discretion  of  the  medical  monitor.  Body  weights  were  determined  using  a 
K-120  Sauter  precision  electronic  balance  (accuracyj^lOg) .  Total  body 
sweating  rates  (ftsw)  were  calculated  from  body  weight  changes  adjusted  for 
fluid  Intake  and  urine  or -.nut,  determined  after  each  exercise  bout.  During 
the  first  and  every  odd  numbered  exercise  bout,  oxygen  uptake  (STPD)  was 
determined  by  open-circuit  spirometry.  Timed  collections  of  mixed  expired 
air  (Douglas  bags)  were  analyzed  for  O2  and  CO2  concentrations  using  an  O2 
fuel  cell  (Applied  Electrochemistry  S-3A)  and  an  Infrared  CO2  analyzer 
(Beckman  LB-2),  respectively.  Expired  gas  volume  was  measured  in  a  Tissot 
spirometer.  Respiratory  exchange  ratio  (RER)  and  aerobic  aetabollc  rates 
were  calculated. 

Statistical  Analysis 

A  two-way  repeated  measures  analysis  of  variance  (ANOVA)  was  employed  to 
determine  if  treatment  (control  solution  or  NBC  Nutrient  solution)  or  time 
significantly  influenced  any  of  the  measured  variables.  If  significant  main 
effects  or  interactions  were  found,  Tukey’s  honestly  significant  difference 
(HSD)  procedure  was  used  to  determine  where  differences  occurred.  For  our 
purposes,  we  have  divided  the  2A-h  tests  into  16  sessions  consisting  of  A5 


A2 


■  M  K  U-^ 


CARDIOVASCULAR  AND  THERMAL  REGULATION 

min  rest,  45  min  exercise,  and  have  labeled  then  according  to  number  of  hours 
of  testing. 

For  the  ANOVA,  only  the  first  nine  of  the  16  sessions  (control  n=10,  NBC 
n^ll)  were  used  because  of  decreasing  sample  size  after  this  time.  For 
measurements  of  T^g,  Tgiti  the  values  presented  represent  subject 

responses  during  the  last  2  minutes  of  each  45-min  exercise  bout.  Metabolic 
rates  were  determined  at  ~30  min  of  evary  other  exercise  bout.  Sweating 
rates  were  calculated  from  the  end  of  one  exercise  bout  to  the  end  of  the 
next,  and  include  the  45-mln  rest  between  bouts  (except  for  the  first 
calculation  at  0.75  hours  which  Included  only  10  min  of  rest  and  45  min  of 
exercise).  In  all  cases,  statistical  significance  was  accepted  at  p<0.05 
level.  Data  reported  are  means+SE. 

RESULTS 


Figure  1  presents  the  T^g  responses  for  the  control  and  NBC  Nutrient 
solution  experiments.  No  differences  were  found  between  the  two  treatments 
during  the  first  12.75  h  (9  exercise  bouCs).  Mean  Tj^g  responses  generally 
increased  (p<0.01)  over  time  for  both  drinks,  and  after  12.75  h  were 
37.75i0.07°C  for  the  control  and  37.98+0.07°C  for  the  NBC  Nutrient  solution 
experiments.  The  predetermined  Tj-g  end-point  criteria  of  39.5°C  was  not 
approached  during  any  exercise  bout  for  any  of  the  subjects  in  either  trial. 

As  seen  in  Figure  2,  the  Tgj^  values  were  not  different  between 
treatments  and  generally  Increased  (p<0.01)  over  time  during  both  trials. 

The  values  after  12.75  h  were  35.13+0.21°C  for  the  control  and 
35.35^0. 17‘^C  for  the  NBC  Nutrient  solution  experiments. 
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Figure  3  presents  the  HR  responses  for  the  control  and  NBC  Nutrient 
solution  trials.  No  differences  were  found  between  the  two  treatments  during 
the  first  12.75  h  of  testing.  The  HR  responses  generally  Increased  (p<0.05) 
over  time,  but  never  approached  the  180  bpm  end-point  criteria  during  any 
bout.  After  the  ninth  exercise  bout  HR  were  109+5  bpm  for  the  control  and 
108+A  bpm  for  the  NBC  Nutrient  solution  experiments. 

Metabolic  rate  Illustrated  In  Figure  A  was  not  different  between 
treatments  and  remained  constant  over  time  during  the  control  experiment,  but 
was  elevated  by  12.75  h  compared  to  3.75  h  during  the  NBC  Nutrient  solution 
trial.  The  metabolic  rate  during  the  ninth  exercise  bout  (12.75  h)  was 
A16+27  watt  for  the  control  and  A35i27  watt  for  the  NBC  Nutrient  solution 
experiments. 

Figure  5  presents  the  fig;,  responses  for  the  control  and  NBC  Nutrient 
solution  experiments.  No  differences  were  found  between  the  two  treatments 
during  the  first  12.75  h  of  testing,  and  there  was  no  time  effect.  The 
overall  mean  ftg„  value  for  the  first  12.75  hours  was  518+22  g/h  for  the 
control  and  5A7+20  g/h  for  the  NBC  Nutrient  solution  experiments. 

Because  of  small  and  decreasing  sample  size  as  the  test  progressed 
beyond  13  hours  or  nine  exercise  bouts,  statistical  analyses  were  not 
en^loyed  for  data  collected  after  that  time.  However,  observations  were  made 
of  data  for  the  two  subjects  who  completed  approximately  18  and  21  hours 
during  the  control  trial  and  the  entire  2A  hours  during  the  NBC  Nutrient 
solution  trial.  While  no  conclusions  can  be  drawn  regarding  data  from  such  a 
small  satiq»le,  these  observations  offer  no  evidence  of  responses  or  trends 
other  than  those  reported  for  the  group  as  a  whole.  Rectal  temperatures  for 
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these  two  subjects  were  even  more  similar  between  the  control  and  NBC 
Nutrient  solution  trials  than  were  the  mean  responses  for  the  group,  and  did 
not  appear  to  continue  increasing  over  time  beyond  the  ninth  exercise  bout. 
Skin  temperatures  were  similar  to  the  group  means.  For  ftsw» 
metabolic  rate,  one  subject’s  responses  ’-’'re  3  ain,  almost  identical  between 
trials,  while  the  other  subject’s  responses  followed  the  trends  established 
by  the  group. 

DISCUSSION 

This  study  was  successful  in  meeting  the  requirements  (as  stated  by  the 
National  Research  Council  Committee,  Appendix  1)  needed  to  test  the  NBC 
Nutrient  solution  with  regard  to  exercise  intensity,  duration,  and  sweating 
rates.  The  subjects  exercised  for  a  prolonged  time  at  an  intensity  of 
approximately  AOO  W  (5.7  kcal/min).  The  combination  of  exercise  and 
environment  resulted  in  sweating  rates  of  approximately  500  grams  per  hour. 

A  subject  who  lasted  an  average  of  ~16  hours  in  this  test  secreted  ~8  liters 
of  sweat.  During  these  experiments,  both  solutions  were  replaced  at  a  rate 
approximately  equal  to  sweat  loss  to  maintain  euhydration,  as  dehydration  is 
known  to  reduce  exercise  performance. 

Our  data  clearly  demonstrate  that  under  these  conditions,  the  NBC 
Nutrient  solution  provided  no  thermoregulatory  or  cardiovascular  advantage 
conq>ared  to  the  control  solution.  This  is  evidenced  in  the  data  observed  for 
rectal  and  skin  temperatures,  sweating  rate,  heart  rate  and  metabolic  rate. 

If  anything,  there  is  a  tendency  for  most  responses  to  be  slightly  elevated 
during  the  IIBC  Nutrient  solution  trial  compared  to  the  control  trial. 
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There  are  two  hypotheses  that  can  possibly  explain  this  trend.  The 
slightly  elevated  (non-slgnif leant)  Tjg  observed  during  the  NBC  Nutrient 
solution  trial  may  reflect  the  higher  plasma  osmolalities  reported  in  this 
paper  in  the  section  on  Hydratlonal  Status.  Previous  research  has  shown  an 
association  between  Increased  body  temperature  and  Increased  plasma 
osmolalities  (A, 5)  The  Increased  thermal  strain  may  then  have  caused  the 
higher  HR. 

The  second  possible  explanation  for  these  slight,  non-significant 
differences  relates  the  higher  Tj-g  and  HR  to  the  somewhat  elevated  metabolic 
rates.  We  might  speculate  that  during  the  NBC  Nutrient  solution  trial  the 
subjects  were  somewhat  more  active,  and  therefore  expended  slightly  more 
energy.  However,  during  the  metabolic  data  collection  periods,  great  effort 
was  made  to  control  for  any  extraneous  activity  that  vrould  Influence  the 
measurements.  In  this  paper  in  the  section  on  Self-Reported  Symptoms  and 
Mood  States,  the  Investigators  report  that  after  six  hours  of  testing  the 
subjects  may  have  been  feeling  better  when  they  were  drinking  the  NBC 
Nutrient  solution.  Speculation  aside,  however,  our  results  show  that  these 
small  differences  between  the  NBC  Nutrient  and  the  control  solutions  were  not 
significant,  nor  did  they  approach  significance. 
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Figure  1 

Figure  2 

Figure  3 
Figure  A 

Figure  5 


FIGURE  LEGENDS 


Rectal  temperature  (X*SE)  during  treadmill  exercise  In  the  heat 
(37°C,  20%  rh) .  Each  data  point  represents  the  last  value 
collected  In  each  of  the  first  nine  A5-mln  exercise  bouts.  (45  min 
of  rest  was  Interspersed  between  each  exercise  bout).  For  the 
control  solution  trial  (circles),  n=ll,  while  for  the  NBC  Nutrient 
solution  trial  (squares)  n=10  because  one  subject  did  not  complete 
nine  bouts. 

Mean  weighted  skin  temperature  for  conditions  and  time  as  described 
In  Figure  1. 

Heart  Rate  for  conditions  and  time  as  described  in  Figure  1. 

Metabolic  Rate  for  conditions  as  described  in  Figure  1.  Metabolic 
rates  were  calculated  from  ^©2  measurements  made  ~30  min  Into  the 
first  and  every  alternate  exercise  bout. 

Total  body  sweating  rate  for  conditions  and  time  as  described  in 
Figure  1. 
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METHODS 


Hydrational  status  was  evaluated  by  monitoring  hematocrit,  hemogjobin, 
osmolality,  Na'*',  K'*’,  and  Cl“  in  the  blood;  by  measuring  body  weight  changes; 
and  by  measuring  fluid  consumption  and  elimination.  Venous  blood  samples 
were  collected  from  an  indwelling  Teflon  catheter  placed  within  a  superficial 
forearm  vein.  A  resting  blood  sample  (lA  ml)  was  taken  after  the  subject 
stood  for  20  minutes  in  the  antechamber  (20°C  ambient  temperature).  Patency 
was  maintained  with  heparinized  saline;  the  catheter  (1-ml  of  dead  space)  was 
flushed  with  2  ml  of  blood  before  each  exercise  blood  sample  (5  ml)  was 
obtained.  Exercise  blood  samples  were  obtained  30  minutes  into  the  second 
and  every  even-numbered  exercise  bout  while  the  subjects  continued  to  walk. 

A  total  of  130  ml  of  blood  (5  ml  x  13  samples  x  2  repetitions)  was  collected 
from  each  volunteer  by  qualified  personnel.  There  were  16  exercise  bouts  in 
2A  hours  but  3  of  the  blood  drawing  times  coincided  with  those  for 
nutritional  status  so  that  the  blood  drawing  was  combined.  Triplicate 
measurements  were  made  for  all  blood  variables.  Standardized  laboratory 
techniques  were  used  to  analyze  blood  for  hemoglobin,  hematocrit,  total 
protein,  sodium,  potassium,  and  chloride.  Plasma  osmolality  was  measured  by 
freezing  point  depression  (Osmette  A,  Precision  Systems). 

Urine  samples  were  collected  and  quantitatively  analyzed  for  specific 
gravity,  sodium,  and  potassium. 
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Statistical  Analysis 

Two-way  analysis  of  variance  (ANOVA)  with  repeated  measures  procedures 
were  used  to  analyze  the  data  for  significant  differences.  Tukey’s  HSD  post 
hoc  tests  were  used  to  determine  where  the  differences  occurred.  Data 
included  all  subjects  except  subject  #6  (n=ll).  For  the  blood  variables, 
data  were  analyzed  at  PRE,  5,  11,  and  17  hours  into  the  study.  Data 
collected  after  the  17th  hour  were  not  statistically  analyzed  because  of  the 
decreasing  saiq>le  size.  The  mean  for  the  available  subjects  was  substituted 
for  missing  data  up  to  the  17th  hour.  Urine  data  were  available  PRE 
(overnight  fast),  and  at  3,  6,  9,  12,  15,  and  18  hours  into  the  study.  Urine 
data  were  statistically  analyzed  in  the  same  manner  as  the  blood  data.  The 
two-way  ANOVA  and  post  hoc  tests  allowed  for  comparisons  over  time  for  each 
solution,  between  solutions,  and  between  solutions  at  each  point  in  time. 

RESULTS  AND  DISCUSSION 


Results  of  this  study  generally  indicated  that  the  major  indices  of 
hydratlont.1  status  were  unaffected  by  consumption  of  the  NBC  Nutriert 
solution.  For  example,  plasma  sodium  levels  (Figure  1)  and  urinary  specific 
gravity  (Figure  2)  manifested  no  significant  differences  at  any  of  the 
respective  sanpllng  times  between  trials.  Though  the  differences  were  not 
significant,  plasma  sodium  levels  for  the  NBC  Nutrient  solution  trial  were 
slightly  higher  than  for  the  control  trial  which  may  have  been  due  to  the 
sodium  content  of  the  NBC  Nutrient  solution.  Significant  increments  in 
either  of  these  variables  may  be  indicative  of  hypohydration  or  Imminent 
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hypohydration.  Nonetheless,  statistical  analyses  of  several  other 
circulatory  and  urinary  variables  provided  significant  differences  which  are 
worthy  of  comment. 

While  total  fluid  intake  and  fluid  intake  per  hour  were  not  statistically 
different  between  trials,  the  data  (Figure  3)  indicated  that  there  occurred  a 
trend  toward  increased  consumption  during  the  NBC  trial.  This  slightly 
increased  consun5>tlon  may  explain  the  statistically  significant  (p<0.05),  but 
physiologically  minimal,  decrements  idiich  occurred  in  hematocrit  (Figure  A) 
during  the  NBC  trial  at  11  hours  (Xcontrol"^'^* ^8,  X^gC'^^.bA),  at 
lA  hours  (Xcontrol“^^*55»  Xnbc=^2.6A)  and  at  17  hours  (Xcontrol=^^*81 > 
XfjBC~^2.92) .  Hemoglobin  levels  generally  reflected  hematocrit  values,  and 
ranged  from  lA  to  16  g/dl  in  both  trials.  Interestingly,  during  these  same 
intervals  plasma  total  protein  (Figure  5)  levels  were  also  significantly 
(p<0.01)  lower  during  the  NBC  trial;  again,  however,  absolute  mean  values 
(lA  hours  into  study,  X<,Qntrol®^*8A  t/di,  Xjqgc^^.AO  g/dl;  17  hours  into 
study,  XcQjjtrol”^ •  g/dl,  Xi;bC”^*^5  g/dl)  are  within  the  normal  range  tor 
this  variable.  While  plasma  osmolality  ^ras  not  different  between  trials  for 
the  first  three  sampling  intervals,  by  8  hours  into  the  study  and  at  all 
sampling  times  thereafter,  plasma  osmolality  was  significantly  (p<0.05) 
elevated  during  the  NBC  Nutrient  solution  trial  (Figure  6).  It  is  possible 
that  the  nutrient  con5)osition  of  the  NBC  Nutrient  solution  (Appendix  2) 
provided  sufficient  molecules  and  ions  to  the  circulation  during  this  trial 
to  maintain  the  slightly  elevated  osmolality.  It  again  should  be  emphasized, 
however,  that  even  at  the  sampling  time  at  which  significant  differences  were 
observed,  absolute  differences  in  osmolality  are  minimal  and  during  both 
trials  the  values  are  within  the  range  of  normal  (Xcontrol~2®^*2> 
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for  euhydrated  subjects.  Blood  potassium  levels  (Figure  7)  were 
not  affected  by  the  exercise,  the  mild  hyperthermia,  or  by  the  NBC  Nutrient 
solution.  Moderately  increased  potassium  levels  during  either  trial  during 
the  first  12  hours  were  probably  due  to  release  of  potassium  from  contracting 
muscle  cells.  The  study  results  confirmed  the  recommendations  of  the 
National  Research  Council  Committee  that  the  NBC  Nutrient  solution  should  not 
need  potassium.  The  potassium  values  decreased  after  11  hours  in  the  NBC 
trial;  this  decrement  could  cause  problems  if  the  scenario  continued. 

However,  the  three  subjects  who  completed  the  24-hour  stress  test  while 
drinking  the  NBC  Nutrient  solution  maintained  nornial  potassium  levels  over 
the  entire  test  Interval. 

As  anticipated,  urinary  excretion  of  sodium  during  the  control  solution 
trial  was  significantly  reduced  as  the  test  progressed  (Figure  8)  attesting 
to  the  rapidity  with  which  homeostatic  adjustments  occur  to  preserve 
circulating  sodium  levels.  In  fact,  consumption  of  the  NBC  Nutrient  solution 
attenuated  this  marked  decrement  in  urinary  sodium  excretion  rate,  thus, 
significant  increments  in  urinary  sodium  excretion  were  observed  at  9  hours 
(p<0.05),  at  15  hours  (p<0.01),  and  at  18  hours  (p<0.01)  during  the  NBC 
trial.  For  unexplained  reasons,  urinary  potassium  levels  were  somewhat  lower 
in  the  first  urine  sample  during  the  NBC  trial,  but  following  this,  remained 
remarkably  similar  during  the  remainder  of  the  sampling  intervals  (Figure  9). 
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CONCLUSIONS 


From  the  point  of  view  of  hydration  status,  it  may  be  concluded  that  both 
solutions  maintained  body  hydration  adequately.  Even  ^ere  changes  occurred 
in  circulating  hydrational  variables,  statistical  significance  did  not 
necessarily  in5)ly  physiological  significance.  In  fact,  as  noted  above, 
circulatory  variables  during  either  trial  remained  in  the  range  of  normal  for 
a  healthy  young  male  population.  We  have  concluded  from  these  data  that 
under  the  specific  test  conditions  described  herein,  both  cool  palatable 
flavored  water  and  the  NBC  Nutrient  solution  were  effective  in  maintaining 
hydration. 
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FIGURE  LEGENDS 


Figure  1. 


Figure  2. 


Figure  3. 


Figure  4. 


Figure  5. 


Figure  6. 


Figure  7. 


Figure  8. 


Figure  9. 


Piast  1  sodium  levels  during  24-hour  heat  stress  trials  of  the  NBC 
Nutrient  solution  and  the  control  solution  (n=ll).  Asterisks 
indicate  post  hoc  significance  levels  between  the  two  solutions  at 
that  point  in  time  (*=p<0.05,  **=p<0.01). 

Urine  specific  gravity  levels  during  24-hour  heat  stress  trials  of 
the  NBC  Nutrient  solution  and  the  control  solution  (n=ll). 

Asterisks  indicate  post  hoc  significance  levels  between  the  two 
solutions  at  that  point  in  time  (*=p<0.05,  **=p<0.01). 

Fluid  intake  per  day  and  per  hour  during  24-hour  heat  stress 
trials  of  the  NBC  Nutrient  solution  and  the  control  solution 
(n=ll).  Asterisks  indicate  post  hoc  significance  levels  between 
the  two  solutions  at  that  point  in  time  (*=p<0.05,  **=p<0.01). 

Hematocrit  levels  during  24-hour  heat  stress  trials  of  the  NBC 
Nutrient  solution  and  the  control  solution  (n=ll).  Asterisks 
indicate  post  hoc  significance  levels  between  the  two  solutions  at 
that  point  in  time  (*=p<0.05,  **=p<0.01). 

Plasma  total  protein  levels  during  24-hour  heat  stress  trials  of 
the  NBC  Nutrient  solution  and  the  control  solution  (n=ll). 
Asterisks  Indicate  post  hoc  significance  levels  between  the  tw 
solutions  at  that  point  in  time  (*=p<0.05,  **=p<0.01). 

Plasma  osmolality  levels  during  24-hour  heat  stress  trials  of  the 
NBC  Nutrient  solution  and  the  control  solution  (n=ll).  Asterisks 
indicate  post  hoc  significance  levels  between  the  two  solutions  at 
that  point  in  time  (*=p<0.05,  **=p<0.01). 

Blood  potassium  levels  during  24-hour  heat  stress  trials  of  the 
NBC  Nutrient  solution  and  the  control  solution  (n=ll).  Asterisks 
Indicate  post  hoc  significance  levels  between  the  two  solutions  at 
that  point  in  time  (*=p<0.05,  **=>p<0.01). 

Urinary  sodium  excretion  during  24-hour  heat  stress  trials  of  the 
NBC  Nutrient  solution  and  the  control  solution  (n=ll).  Asterisks 
Indicate  post  hoc  significance  levels  between  the  two  solutions  at 
that  point  in  time  (*=p<0.05,  **=p<0.01).  The  superscript  ’a’ 
indicates  the  SD  value  for  the  NBC  Nutrient  solution  trial  for 
that  point  of  the  study. 

Urinary  potassium  excretion  during  24-hour  heat  stress  trials  of 
the  NBC  Nutrient  solution  and  the  control  solution  (n=ll). 
Asterisks  indicate  post  hoc  significance  levels  between  the  two 
solutions  at  that  point  in  time  (*=p<0.05,  **=p<0.01).  The 
superscript  ’a’  indicates  the  SD  value  for  the  NBC  Nutrient 
solution  trial  at  that  point  in  the  study. 
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Figure  6 
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METHODS 


Nutritional  status  was  evaluated  using  biochemical  Indices  In  blood  and 
urine.  About  14  ml  of  venous  blood  was  collected  prior  to  the  start  of  the 
test  (PRE)  and  at  the  5th,  ilth,  17th,  and  23rd  hours.  The  following 
indicators  of  nutritional  status  were  analyzed:  Blood  Urea  Nitrogen  (BUN), 
Free  Fatty  Acids,  Glucose,  Lactate,  Albumin,  Ketones,  and  Creatinine.  All 
blood  analyses  were  done  by  Smith  Kline  Laboratories  except  for  plasma 
lactate  (Model  23  Lactate  Analyzer  YSI)  and  blood  ketones  (Acetest  reagent 
tablets).  Urine  samples  were  obtained  as  described  in  the  Hydration  Status 
section.  Urine  ketones  were  analyzed  using  the  N-Multistix  reagent  strips. 

Statistical  Analysis 

The  BMDP  programs  for  two-way  analysis  of  variance  (ANOVA)  with  repeated 
measures  were  used  to  analyze  the  data  for  significant  differences.  Tukey’s 
HSD  post  hoc  tests  were  used  to  determine  where  the  differences  occurred. 
Data  Included  all  subjects  except  supject  #6  (n=ll).  The  mean  for  the 
available  oubjects  was  substituted  for  missing  data  up  to  the  17th  hour. 

Data  collected  after  the  17th  hour  were  not  included  in  the  analyses  because 
the  decrease  in  sample  size  was  too  drastic.  Comparisons  were  analyzed  over 
time  for  each  solution,  between  solutions,  and  between  solutions  at  each 
point  in  time.  Data  are  presented  as  mean+SD. 
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RESULTS 


Blood  Albumin 

Blood  albumin  levels  were  significantly  different  (p<0.01)  between  the 
two  solutions  but  values  for  both  fluid  trials  stayed  well  within  the  normal 
range  (4  to  5  g/dl)  for  the  duration  of  the  study  (Figure  1).  Values  for  the 
two  fluid  trials  followed  similar  patterns  of  increases  and  decreases.  Both 
showed  the  sharpest  decline  between  the  PRE  and  5th  hour  (Control  4.95*0.29 
to  4.67*0.17  g/dl;  NBC  4.84*0.20  to  4.50*0.18  gm/dl).  The  albumin  levels  for 
the  NBC  Nutrient  solution  trial  were  consistently  lower  than  coti^arable 
levels  for  the  control  solution  with  significant  differences  occurring  only 
at  the  17th  hour  (p<0.01)  which  is  consistent  with  observations  for  total 
protein. 

Elevated  blood  albumin  levels  are  clinical  indicators  of  dehydration 
while  lower  values  are  observed  in  malnutrition  (1).  The  slightly  higher 
values  of  blood  albumin  during  the  control  trial  may  indicate  that  subjects 
in  the  NBC  Nutrient  solution  trial  remained  slightly  more  hydrated  than  those 
in  the  control  urial. 

Blood  Glucose 

There  were  significant  differences  (p<0.05)  in  blood  glucose  between  tlie 
two  fluid  conditions,  at  the  17th  hour  (Figure  2),  and  over  time.  Blood 
glucose  during  the  control  trial  manifested  a  greater  overall  decline  with 
levels  in  the  11th  and  17th  hours  significantly  (p<0.05)  lower  than  the  PRE 
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value.  The  glucose  level  during  the  NBC  Nutrient  solution  trial  did  not 
decrease  significantly  over  time.  The  significant  increase  in  the  NBC 
Nutrient  solution  trial  at  the  17th  hour  may  be  an  artifact  of  statistical 
analysis.  The  one  large  value  that  was  obtained  for  one  subject  and  the  loss 
of  several  subjects  with  lower  blood  glucose  values  may  have  artificially 
increased  the  mean  at  this  point  in  time. 

Blood  Lactate 

Blood  lactate  levels  decreased  significantly  for  both  trials  after  the 
PRE  blood  draw  (Figure  3)  but  there  were  no  significant  differences  between 
the  two  fluid  trials. 

Free  Fatty  Acids.  Respiratory  Exchange  Ratio,  and  Ketones 

The  most  significant  metabolic  differences  (p<0.001)  seen  between  the  two 
test  solution  trials  occurred  in  the  levels  of  blood  free  fatty  acids  (FFA) 
(Figure  A).  Depending  on  nutritional  status,  normal  concentrations  range 
between  0.3  to  0.5  mEq/ liter;  higher  values  usually  occur  in  a  state  of 
fasting,  exercise,  or  malnutrition.  FFA  levels  in  both  fluid  trials  were 
below  the  normal  range  at  the  time  of  the  first  blood  sample  (PRE),  probably 
due  to  the  previous  ingestion  (within  2  hours)  of  a  meal.  During  the  control 
trial  there  was  a  greater  increase  of  FFA  over  the  duration  of  the  study, 
from  a  mean  starting  level  of  0.27*0.06  mEq/1  to  a  mean  of  1.A5+0.A8  mEq/1 
about  17  h  into  the  study  (p<0.01),  indicating  a  reliance  on  FFA  for  energy 
production.  The  subjects  in  the  NBC  Nutrient  solution  trial  manifested  a 
more  gradual  increase  from  a  starting  point  of  0.25*0.09  mEq/1  to  a  maximum 
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value  of  only  0.65*0.15  mEq/1  (p<0.01)  at  the  11th  hour  before  leveling  off 
In  the  17th  hour.  Consideration  of  FFA  levels  Indicated  that  the  glucose  in 
the  NBC  Nutrient  solution  may  have  decreased  the  need  for  fat  oxidation  to 
sustain  energy  requirer-.iints.  This  increased  reliance  on  FFA  for  energy  was 
■•so  reflected  in  the  Respiratory  Exchange  Ratio  (RER)  (Figure  5).  The  RER 
va?  es  were  significantly  different  (p<0.001)  between  trials  and  over  time. 
During  the  NBC  Nutrient  solution  trial  carbohydrate  was  being  metabolized 
from  the  NBC  Nutrient  solution  resulting  in  a  higher  RER  whereas  glucose  was 
not  exogenously  available  during  the  control  trial.  The  i  jcreasing  RER  over 
time  indicated  an  increased  reliance  on  fat  for  fuel.  Another  indicator  of 
increased  fatty  acid  oxidation  was  the  appearance  of  ketones  in  the  urine 
(2,3).  While  ketones  were  not  found  in  any  of  the  blood  samples  taken  during 
either  trial,  they  were  found  ir.  the  urine  of  the  subjects  (Tables  1  and  2). 
In  the  NBC  Nutrient  solution  trial,  2  Subjects  (#9  &  #12)  showed  traces  of 
ketones  at  the  time  they  dropped  out  of  the  test.  During  the  control  trial, 

7  of  the  11  subjects  showed  urinary  ketones  at  some  point  after  nine  hours  of 
testing. 

Blood  Urea  Nitrogen  and  Creatinine 

The  Blood  Urea  Nitrogen  (BUN)  levels  for  both  trials  were  within  the 
normal  range  (8  to  25  mg/dl)  and  not  significantly  different.  For  the  NBC 
trial  the  BUN  significantly  (p<0.01)  declined  from  the  PRE  value  to  the  5th 
hour  dropping  from  16.55*2.94  mg/dl  to  11.82*3.06  mg/dl  before  stabilizing 
(Figure  6).  Significant  differences  were  observed  in  the  BUN  values  between 
the  two  fluid  trials  at  the  11th  and  17th  hours,  but  the  values  were  still 
within  the  normal  range.  Another  indicator  of  nitrogen  status  is  blood 
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creatinine  levels  (Figure  7).  Creatinine  is  a  breakdovm  product  of  skeletal 
muscle  creatine.  Increases  in  circulating  creatinine  (0.7  to  1.4  mg/dl)  can 
be  provoked  by  dehydration,  physical  work,  and  extreme  temperatures.  While 
the  NBC  Nutrient  solution  did  not  affect  creatinine  levels,  intermittent 
exercise  in  the  heat  caused  a  significant  increase  (p<0.05),  from  PRE  to  hour 
17.  Increased  circulating  creatinine  was  probably  due  to  nitrogen  catabolism 
in  the  absence  of  sufficient  calories.  Physiologically  significant 
differences  in  creatinine  levels  were  not  observed  in  either  trial. 

DISCUSSION 


The  sources  of  carbohydrate  in  the  NBC  Nutrient  Solution  were 
maltidextrins  (10.3960  g/1)  and  fructose  (14.4372  g/1).  There  remains  a 
great  deal  of  controversy  as  to  which  carbohydrate  source  provides  the  most 
beneficial  results.  Lamb  (4)  summarized  the  literature  comparing  the  use  of 
glucose,  fructose,  or  glucose  polymers,  with  and  without  electrolytes,  and 
reported  that  carbohydrate  drinks  regardless  of  the  carbohydrate  source 
maintain  blood  glucose  levels  and  are  often  associated  with  better 
performance.  Optimal  levels  or  form  of  carbohydrate  are  not  known  at  this 
time  (4). 

Glucose  levels  were  above  normal  fasting  levels  for  both  fluid  trials  at 
the  beginning  of  the  tests.  This  was  anticipated  since  the  subjects  had 
eaten  fairly  substantial  meals  (X=953  kcal)  just  two  aours  prior  to  the  test. 
The  literature  (5-7)  suggests  that  eating  within  15  to  45  minutes  of  the 
initiation  of  high  intensity  exercise  may  cause  a  decreased  endurance  time 
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because  the  glucose-stifinilated  Insulin  secretion  lowers  endogenous  blood 
glucose  levels.  However,  the  present  study  was  designed  to  simulate  actual 
field  conditions  in  which  personnel  might  well  have  completed  a  meal  before 
the  onset  of  an  emergency  situation.  The  results  of  this  study  confirmed 
previous  work  (8,9)  that  showed  that  blood  glucose  may  not  drop  precipitously 
after  pre-exercise  glucose  feeding  because  of  the  slower  rate  of  glucose 
removal  by  skeletal  muscle  during  prolonged  low  intensity  exercise. 

Ingestion  of  carbohydrate  during  exercise  can  prevent  hypoglycemia  (10) 
potentially  by  delaying  glycogen  depletion  (11,12).  Controversy  exists  as  to 
the  Importance  of  carbohydrate  drinks  in  long  term  exercise  (13-16).  These 
drinks  are  of  benefit  when  consumed  during  moderate  and  high  intensity 
anaerobic  exercise  (17-20)  because  they  provide  glucose  which  is  the 
principal  source  of  energy  for  this  type  of  exercise.  The  beneficial  effects 
of  carbohydrate  feeding  during  light-moderate  intensity  aerobic  exercise, 
such  as  in  the  present  study,  may  be  negligible  because  the  exercise  is 
fueled  by  lipid  oxidation  with  a  very  small  demand  for  carbohydrate  (21). 

The  present  study  supported  the  conclusions  of  Lamb  (4)  that  there  were 
no  significant  differences  between  water  and  a  carbohydrate  drink  in  regard 
to  weight  loss  or  blood  lactate.  In  both  studies,  blood  glucose  was  greatest 
for  the  carbohydrate  drink.  The  subjects  in  the  prese.it  study  consumed  about 
313.4  g  CHO/day  [(0.7389  1/h  x  17.1  h)  x  24.8  g  CHO/1]  while  drinking  the  NBC 
Nutrient  Solution.  The  quantity  of  carbohydrate  consumed  during  the  NBC 
Nutrient  solution  trial  was  more  than  the  150-200  g/day  that  is  required  to 
meet  the  requirements  of  the  CNS,  eye  lens,  and  erythrocytes  (22-24). 
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The  ability  of  the  NBC  Nutrient  solution  to  replenish  muscle  glycogen 
could  not  be  answered  with  this  test.  Costill  at  al.  (25)  reported  that  a 
diet  containing  525  g  carbohydrate  in  3000  kcal  would  be  needed  to  replenish 
depleted  muscle  glycogen  stores  in  subjects  running  2  h/day  at  70%  ^02niax. 

The  NBC  Nutrient  solution  only  provided  about  half  that  amount  of 
carbohydrate;  however  the  subjects  in  the  present  study  were  not  working  at 
70%  ^02max  and  therefore  may  not  have  experienced  a  large  depletion  in  their 
muscle  glycogen  stores.  Low  intensity  exercise  (ie.  30-50%  t02max)  relies 
mainly  upon  fat  for  fuel  and  muscle  glycogen  is  consumed  at  a  slower  rate 
requiring  5-10  hours  of  continuous  activity  for  depletion  (26,27).  Since  the 
subjects  in  the  present  study  were  engaged  in  a  low  intensity  activity  (29% 
^02max)  with  intermittent  rest  periods,  muscle  glycogen  stores  were  probably 
not  reduced  markedly.  The  amount  of  glucose  ingested  from  the  NBC  Nutrient 
solution  may  have  been  sufficient  to  keep  muscle  glycogen  stores  from  being 
depleted.  Evidence  to  support  this  view  could  be  found  in  the  data  on 
urinary  ketones.  Ketones  are  not  usually  produced  until  body  glycogen  stores 
are  nearly  depleted.  The  subjects  drinking  the  NBC  Nutrient  solution 
generally  did  not  spill  ketones  into  their  urine  whereas  7/11  subjects 
produced  ketones  when  drinking  the  control  solution.  Researchers  1. ave 
suggested  that  maintaining  muscle  glycogen  is  important  for  prolonging 
endurance.  The  NBC  Nutrient  solution  did  not  significantly  increase 
performance  even  though  the  mean  endurance  time  was  increased  by  one  hour. 

Lactate  levels  were  of  interest  in  this  study.  Anaerobic  or  high- 
intensity  exercise  precludes  adequate  oxygen  delivery  for  fat  oxidation;  thus 
glucose,  which  can  be  anaerobically  metabolized  to  lactate  in  glycolysis,  is 
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utilized.  Most  of  the  previous  studies  examined  subjects  performing  moderate 
to  heavy  exercise,  and  under  these  conditions,  plasma  lactate  levels 
increase.  The  subjects  in  the  present  study  were  working  at  29%  1^02niax  which 
is  considered  light  activity  (21)  and  well  below  the  anaerobic  threshold. 

This  could  account  for  the  lack  of  perceivable  increases  in  lactic  acid 
levels . 

If  the  nutritional  data  are  examined  for  trends,  it  becomes  obvious  that 
a  changeover  in  energy  substrates  occurred  at  approximately  12  hours  into  the 
study  during  both  fluid  trials.  Ketones  were  appearing  in  the  urine,  blood 
glucose  and  lactate  levels  were  stabilizing,  and  FFA  in  the  blood  were 
leveling  off,  especially  in  the  NBC  trial.  The  RER  values  were  decreased 
over  time  for  both  trials.  The  ratio  of  carbon  dioxide  production  to  oxygen 
consumption  (RER)  averages  0.82  (28)  under  sedentary  conditions  when  more 
carbohydrate  is  used  than  fat  as  the  body’s  fuel.  During  steady-state 
submaximal  exercise  (as  in  the  present  study),  the  RER  decreases  indicating 
increased  fat  oxidation.  The  increasing  FFA  levels  were  expected  for  the 
subjects  ingesting  the  control  solution  because  of  the  lack  of  nutritional 
replenishment.  Free  fatty  acids  were  at  their  highest  levels  for  the  NBC 
trial  after  11  hours,  but  the  rate  leveled  off  during  the  next  hours  which 
could  indicate  that  the  body  may  have  reached  an  equilibrium  in  its  use  of 
FFA  for  energy.  Ketones  had  appeared  in  the  urine  of  7  subjects  during  the 
control  trial  between  the  9th  and  16th  hours  -  another  indicator  of  a  switch 
in  energy  substrates  to  fatty  acids.  Of  the  subjects  who  did  not  show  any 
signs  of  ketones,  two  subjects  had  dropped  out  of  the  study  by  the  i2th  hour 
(#1  &  #8)  and  the  other  2  subjects  (#4  &  #5)  had  the  largest  breakfasts  (1100 
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and  1A75  kcal)  on  the  test  day.  Most  of  the  other  subjects  consumed  a  third 
to  a  half  that  number  of  calories.  The  maintenance  of  blood  glucose  levels 
and  the  delayed  appearance  of  ketones  in  the  urine  of  subjects  ingesting  the 
NBC  solution  remain  the  only  notable  physiological  differences  between 
treatments . 

A  diet  deficient  in  carbohydrate  eventually  can  deplete  muscle  and  liver 
glycogen  stores  and  subsequently  affect  performance  in  submaximal  endurance 
activities  (25|29).  When  carbohydrate  reserves  are  reduced,  protein  is  used 
for  carbohydrate  synthesis.  Under  extreme  conditions,  there  is  a  significant 
reduction  in  lean  body  mass  and  thus  an  added  demand  on  the  kidneys  which 
must  excrete  the  nitrogen  (21).  Ammonia  is  released  during  deamination  of 
protein,  converted  to  urea  (30),  and  excreted  by  the  kidneys.  If  a  person 
does  not  eat  any  protein,  then  20-30  g/day  of  body  protein  is  obligatorily 
degraded  into  amino  acids,  deaminated,  and  oxidized  (30).  Except  for  excess 
protein  in  the  diet  or  the  20-30  g/day  obligatory  protein  degradation,  the 
body  uses  available  carbohydrate  and  fat  for  energy  as  long  as  these  are 
available. 

The  NBC  Nutrient  solution  was  expected  to  provide  carbohydrate  to 
counteract  hypoglycemia.  Carbohydrate  is  essential  for  proper  functioning  of 
the  CNS.  Under  normal  conditions  and  in  short-term  starvation,  the  brain 
uses  blood  glucose  almost  exclusively  but  has  no  stored  supply  of  this 
nutrient  (21,30).  If  blood  glucose  falls  to  dangerously  low  levels,  the 
metabolism  of  the  CNS  becomes  depressed.  As  the  blood  glucose  level  falls 
below  50-70  mgZ,  the  CNS  becomes  excitable,  hallucinations  may  result,  and 
extreme  nervousness  is  exhibited  (30).  Other  symptoms  of  modest  reductions 
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in  blood  glucose  include  feelings  of  weakness,  hunger,  and  dizziness  which 
itq)airs  exercise  performance  and  may  partially  explain  the  fatigue  associated 
with  prolonged  exercise  (21).  Sustained  and  profound  low  blood  sugar  can 
cause  irreversible  brain  damage  (21,30).  Since  hypoglycemia  did  not  develop, 
it  was  not  possible  to  assess  the  effects  of  either  solution  on  hypoglycemia. 

Ketosis  occurs  most  commonly  in  starvation  when  stores  of  liver  glycogen 
have  been  depleted  (31).  Acetoacetate,  B-hydroxybutyrate ,  and  acetone  are 
the  ketone  bodies  which  are  formed  in  the  liver  (31,32)  during  the  breakdown 
of  FFA  and  oxidized  during  food  deprivation  by  extra  hepatic  tissues  (muscle, 
kidney,  heart,  brain,  and  adrenal  glands)  (31,32).  Ketosis  occurred  at  about 
the  13th  hour  in  a  majority  (7/11)  of  the  subjects  during  the  control  trial. 
While  drinking  the  NBC  Nutrient  solution,  only  two  subjects  showed  urinary 
ketones  and  this  occurred  at  the  time  that  they  withdrew  from  the  2A-h  test 
(lAth  and  24th  hours).  The  NBC  solution  was  successful  in  delaying  the 
appearance  of  ketones  compared  to  the  control  solution.  As  starvation  or  low 
carbohydrate  Intake  progresses,  the  CNS  switches  from  glucose  to  ketones  as 
its  primary  fuel.  The  human  brain  can  utilize  ketone  bodies  for  up  to  20%  of 
its  total  energy  requirements  after  an  overnight  fast,  60%  after  an  8-day 
fast,  and  about  80%  after  a  40-day  fast  (32).  Delaying  the  appearance  of 
ketones  may  allow  the  CNS  time  to  adapt  to  using  large  amounts  of  ketone 
bodies  as  fuel  (33,34).  If  ketones  are  produced  faster  than  they  can  be 
used,  metabolic  acidosis  can  develop  and  lead  to  hyperventilation,  increasing 
droxiTslness ,  and  unconsciousness  (32). 
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CONCLUSIONS 


1.  Both  solutions  were  able  to  maintain  blood  glucose  within  normal  levels 
for  the  entire  study  but  the  blood  glucose  levels  were  consistently  higher 
for  the  NBC  solution  trial. 

2.  The  low  intensity  of  the  exercise  (29%  t02max)  did  nou  deplete  blood 
glucose  to  hypoglycemic  levels  with  either  solution  therefore  it  is  not 
possible  to  assess  the  effects  of  hypoglycemia  on  cognitive  performance  or 
vigilance. 

3.  The  NBC  Nutrient  solution  was  able  to  provide  sufficient  carbohydrate  to 
attenuate  ketosis. 

A.  Free  fatty  acids  were  an  important  fuel  source  for  subjects  in  both 
solutions  within  the  first  5  hours  of  the  study  even  though  the  subjects  had 
eaten  about  900  kcal  (1A0.7  and  156. A  g  CHO)  prior  to  the  start  of  the  study. 

5.  Elevations  in  creatinine  and  BUN  values  in  the  control  trial  relative  to 
the  NBC  Nutrient  solution  trial  indicated  that  protein  catabolism  was 
occurring. 
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Table  1.  Appearance  of  urinary  ketones  during  consumption  of  the  control 
solution  (no  calories)  during  a  2A-hour  heat  stress  trial. 


SUBJECT 


+++/X 


+  +  X 


++++/X 


+++/X 


+=Trace 

++=Small 

+++=Moderate 

++++=Large 


X=Subject  Dropped  Out 
+/X=Last  reading  v^en  subject  dropped  out 
of  test. 
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Table  2.  Appearance  of  urinary  ketones  during  consumption  of  the  NBC 
Nutrient  solution  (calorie  containing)  during  a  2A-hour  heat  stress  trial. 


SUBJECT 

9 

TIME 

12  15  18  21  2A 

1 

X 

2 

X 

3 

X 

A 

X 

5 

X 

6 

X 

7 

X 

8 

X 

9 

+/X 

10 

X 

12 

+/X 

13 

X 

+=Trsce 

X=Subject  Dropped  Out 

++*Sniall 

+/X=Last  reading  when  subject  dropped  out 

+++=Moderate 

of  test. 

++++*Large 
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Figure  1 


Figure  2 


Figure  3 


Figure  A 


Figure  5 


Figure  6 


Figure  7 


FIGURE  LEGENDS 


Blood  albumin  levels  during  2A-hour  heat  stress  trials  of  the  NBC 
Nutrient  solution  and  the  control  solution  (n=ll).  Asterisks 
Indicate  post  hoc  significance  levels  between  the  two  solutions  at 
that  point  In  time  (*=p<0.05,  **=p<0.01). 

Blood  glucose  levels  during  2A-hour  heat  stress  trials  of  the  NBC 
Nutrient  solution  and  the  control  solution  (n=ll).  Asterisks 
indicate  post  hoc  significance  levels  between  the  two  solutions  at 
that  point  in  time  (*=p<0.05,  **=p<0.01). 

Blood  lactate  levels  during  2A-hour  heat  stress  trials  of  the  NBC 
Nutrient  solution  and  the  control  solution  (n=ll).  Asterisks 
indicate  post  hoc  significance  levels  between  the  two  solutions  at 
that  point  in  time  (*=p<0.05,  **=p<0.01). 

Blood  free  fatty  acid  levels  during  2A-hour  heat  stress  trials  of 
the  NBC  Nutrient  solution  and  the  control  solution  (n=ll). 
Asterisks  indicate  post  hoc  significance  levels  between  the  two 
solutions  at  that  point  in  time  {*=p<0.05,  **=p<0.01). 

Respiratory  exchange  ratio  (RER)  changes  during  two  2A-hour  heat 
stress  trials  of  the  NBC  Nutrient  solution  and  the  control 
solution  (n=ll).  Asterisks  indicate  post  hoc  significance  levels 
between  the  two  solutions  at  that  point  in  time  (*=p<0.05, 

**=p<0.01). 

Blood  urea  nitrogen  (BUN)  levels  during  24-hour  heat  stress  trials 
of  the  NBC  Nutrient  solution  and  the  control  solution  (n=ll). 
Asterisks  indicate  post  hoc  significance  levels  between  the  two 
solutions  at  that  point  in  time  (*=p<0.05,  **=p<0.01). 

.  Blood  creatinine  levels  during  2A-hour  heat  stress  trials  of  the 
NBC  Nutrient  solution  and  the  control  solution  (n=ll).  Asterisks 
indicate  post  hoc  significance  levels  between  the  two  solutions  at 
that  point  in  time  (*=p<0.05,  **=p<0.01). 
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Figure  4 
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Figure  5 


NBC  Nutrient  Solution  Study 

Respiratory  Exchange  Ratio  (RER) 
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1.13 


1.06 


Control  Solution 
NBC  Nutrient  Solution 


0.99 


0.92 


0.57 


0.60 


0.5 


3.5 


6.5 


9.5 


12.5 


Time  into  Study  (hours) 
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METHODS 


Assessment  Instruments 

A  variety  of  tasks  were  used  to  assess  cognitive  performance.  Five  paper 
and  pencil  tasks  (Addition,  Coding,  Number  Comparison,  Map  Compass,  and 
Tower)  were  administered  and  three  of  these  tasks  (Addition,  Coding,  and 
Number  Conparison)  were  also  given  on  portable  computers  (Grid  Compass  II, 
Model  1131).  All  tasks  were  timed  and  sample  items  are  shown  in  Figure  1. 

The  Map  Compass  and  Tower  tasks  were  developed  in  our  laboratory  (1),  while 
the  reniaining  tasks  were  developed  as  part  of  the  Navy’s  Performance 
Evaluation  Tests  for  Environmental  Research  (PETER)  program  (2,3).  All  paper 
and  pencil  tasks  were  previously  shown  to  be  sensitive  to  a  variety  of 
environmental  stessors  (4-6)}  the  computerlzoi  versions  were  used  for  the 
first  time  in  this  study.  All  paper  and  pencil  tasks  were  generated  on  a 
laser  copier  (off-line  from  the  computer)  and  each  had  15  alternate  forms. 

The  conputerized  tasks  were  used  along  with  the  paper  and  pencil  versions  in 
an  effort  to  validate  them  and  they  were  developed  so  as  to  closely  parallel 
their  paper  and  pencil  equivalents;  all  problems  on  these  tasks  were  randomly 
generated. 

The  performance  tasks  used  in  this  experiment  require  cognitive  processes 
inherent  in  many  real-world  tasks.  Addition  requires  summing  three  two-digit 
numbers.  Coding  requires  writing  the  appropriate  number  for  each  "test" 
syidjol  from  the  information  in  the  legend  at  the  top  of  the  page.  This  task 
is  similar  to  manual  procedures  for  encoding  sensitive  military 
communications.  Numbe.  Comparison  requires  indicating  whether  two  numbers 
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are  the  same  or  different,  which  is  similar  to  comparing  part  numbers,  grid 
coordinates,  or  numbers  on  property  inventories.  Map  Compass  requires 
working  with  direction  and  degree  relationships,  conceptualization  of 
changing  spatial  relationships,  and  the  ability  to  calculate  distances  or  new 
grid  coordinates.  Tower  requires  evaluating  spatial  problems  with  a  series 
of  learned  algorithms  and  choosing  an  appropriate  strategy,  which  is  similar 
to  the  mental  processes  required  for  assembling  mechanical  components  on  a 
transmission  or  carburetor.  Subjects  decide  if  each  problem  is  "possible" 
and  "optimal",  which  requires  logical  reasoning  and  the  ability  to  relate 
current  information  to  prior  experiences. 

PROCEDURES 


Pre-test  sessions 

Tri  ling  was  conducted  with  each  set  of  subjects  for  five  days.  Subjects 
were  trained  twice  dally,  60  minutes  in  the  morning  and  60  -  90  minutes  in 
tl.e  afternoon  in  a  Conditioning  Room  of  the  Climatic  Chambers,  NRD&EC.  They 
were  seated  at  tables  and  the  temperature  in  the  room  ranged  from  70  to  75® F. 

Extensive  training  and  practice  were  given  on  all  cognitive  tasks. 
Performance  feedback  was  also  given  to  ensure  that  performance  was  stable  and 
maximal  by  the  second  week  of  the  study.  Feedback  was  provided  to  the 
subjects  until  the  afternoon  of  the  fifth  day  of  training;  subjects  were 
encouraged  to  respond  as  rapidly  as  possible  while  making  some  errors  (<8%). 
Each  task  had  been  completed  a  minimum  of  twelve  times  before  the  subjects 
were  evaluated  experimentally.  The  Addition,  Coding,  and  Number  Comparison 
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tasks  (paper  and  computer)  were  given  for  three  minutes,  the  Map  Compass  task 
for  four  minutes,  and  the  Tower  task  for  six  minutes. 

Test  sessions 

The  second  and  third  week  of  the  study  were  identical  and  were  devoted  to 
experimental  testing.  On  Tuesday,  baseline  cognitive  performance 
measurements  were  taken  in  the  Tropic  Wind  Tunnel  of  the  Climatic  Chambers, 
NRD&EC.  All  tasks  were  given  for  the  same  durations  as  in  the  pre-test 
sessions  except  the  Addition  tasks  (paper  and  computer)  were  given  for  five 
minutes.  All  subjects  were  always  tested  as  a  group  and  they  were  seated  at 
tables  during  assessment. 

On  Thursday,  during  the  24-hour  test  session,  subjects  were  always  tested 
for  15  minutes,  immediately  after  walking  on  the  treadmill.  Three  15  minute 
sessions  were  required  to  administer  all  the  tasks;  hence,  every  task  was 
completed  once  each  six  hours.  In  the  initial  session  (given  50,  410,  770, 
and  1130  minutes  after  the  start  of  the  24-hour  test)  the  Coding  (computer). 
Coding  (paper),  and  Map  Compass  tasks  were  given.  In  the  second  15  minute 
test  session  (given  140,  500,  860,  and  1220  minutes  after  the  start  of  the 
24-hour  test)  the  Addition  (computer)  and  Addition  (paper)  tasks  were  given. 
In  the  last  15  minute  session  (given  230,  590,  950,  and  1310  minutes  after 
the  start  of  the  24-hour  test)  the  Number  Comparison  (computer).  Number 
Comparison  (paper),  and  Tower  tasks  were  given,  in  that  order. 

Statistical  Analysis 

A  measure  of  cognitive  performance  was  derived  to  reflect  the  combined 
effect  of  rate  and  accuracy  changes,  l.e.  number  of  problems 
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correct /minute=( number  of  problems  attempted  -  (number  of  problems  wrong  * 
weighting  factor) ) /minute.  Weighting  factors  appropriate  for  the  number  of 
response  alternatives  on  each  task  were  used. 

Data  from  all  tasks  were  submitted  to  two  levels  of  statistical  analysis. 
The  first  was  a  two-way  repeated-measures  analysis  of  variance  (ANOVA) .  Data 
were  first  analyzed  to  determine  whether  there  were  overall  differences 
across  administrations,  between  conditions  (subjects  receiving  the  NBC 
Nutrient  Solution  and  subjects  receiving  just  the  control  solution),  and 
Aether  there  were  any  interactions  between  the  two.  Post  hoc  comparisons 
were  then  analyzed  with  Tukey’s  test  to  identify  where  these  differences 
occurred.  A  significance  level  of  p<0.05  was  chosen  for  all  statistical 
tests. 

Each  performance  task  was  analyzed  so  as  to  include  the  largest  number  of 
subjects  for  each  condition  since  subjects  terminated  at  different  times 
during  the  test.  For  example,  the  tasks  completed  in  the  first  15  minute 
session  were  analyzed  with  data  from  10  subjects,  the  tasks  done  in  the 
second  15  minute  session  were  analyzed  with  data  from  8  subjects,  and  the 
tasks  done  in  the  third  15  minute  session  were  analyzed  with  data  from  4 
subjects.  Lost  data  for  one  subject  on  the  third  administration  of  Number 
Comparison  (con5>uter)  were  interpolated  from  his  second  and  fourth 
administration  values.  Also,  because  no  subject  completed  all  the  tasks 
under  both  conditions  in  the  final  six  hours  of  the  study,  only  data  up  to 
and  including  the  third  six  hour  session  are  presented. 
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RESULTS 


During  the  five  days’  practice,  task  scores  increased  markedly.  Final 
practice  values  were  1.5  -  2.2  times  greater  than  initial  day  training 
values.  Correlations  between  day  5  training  values  and  pre-test  baseline 
values  for  all  tasks  ranged  from  0.61  to  0.95,  suggesting  that  subjects  were 
well  practiced  and  performance  was  stable  before  experimental  exposure. 

Shown  in  Table  1  are  the  means  and  standard  deviations  for  each  cognitive 
task  (number  correct/minute)  by  solution  condition  and  administration.  Also 
shown  is  the  number  of  subjects  (N)  for  each  cognitive  task.  There  were  no 
significant  overall  solution  effects  for  any  of  the  cognitive  tasks.  Three 
tasks  showed  a  significant  administration  effect.  Specifically,  the  Coding 
(paper)  task  is  shown  in  Figure  2,  the  Number  Comparison  (computer)  task  in 
Figure  3,  and  the  Map  Compass  task  in  Figure  4.  However,  only  Number 
Comparison  (computer)  showed  any  post  hoc  differences.  The  mean  performance 
value  for  the  third  administration  ,.'f  the  control  solution  was  significantly 
less  than  the  first  and  second  administration  values.  Post  hoc  comparisons 
also  revealed  that  the  mean  value  for  the  third  administration  of  Addition 
(paper)  on  the  control  solution  was  significantly  less  than  the  pre-test 
value  for  the  control  solution  (Figure  5). 

DISCUSSION 


These  results  indicate  that  there  were  no  main  effects  for  the  solution; 
however,  the  final  performance  value  for  the  control  solution  was  less  than 
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that  for  the  NBC  Nutrient  Solution  on  seven  of  the  nine  cognitive  tasks 
(third  administration).  These  differences  were  not  significant.  It  was  not 
until  the  third  administration  on  any  of  the  cognitive  tasks  that  values 
decreased  from  the  pre-test  scores.  However,  at  this  time  (15-16  hours  after 
the  start  of  the  test)  only  eight  and  four  subjects  remained  In  both 
conditions.  Therefore,  since  cognitive  performance  did  not  decrease  until 
the  third  administration  -  a  time  when  few  subjects  remained  in  the  study  - 
It  is  difficult  to  evaluate  whether  the  NBC  Nutrient  Solution  had  a 
beneficial  effect  on  performance. 

Even  though  there  were  no  main  effects  due  to  the  solution,  there  was  an 
administration  effect  on  three  of  the  cognitive  tasks.  Also,  on  the  Addition 
(paper)  task,  the  mean  value  for  the  last  administration  for  the  control 
solution  was  significantly  lower  than  the  pre-test  value.  These  results 
indicate  that  the  cognitive  performance  tasks  administered  were  sensitive  to 
increased  durations  in  the  study. 

The  test  conditions  in  this  study  may  not  have  been  appropriate  to 
evaluate  the  NBC  Nutrient  Solution.  It  was  not  until  15-16  hours  after  the 
start  of  the  test  that  the  difference  between  the  two  solutions  (control 
solution  performance  decreased)  started  to  appear.  However,  no  subject 
endured  another  six  hour  test  battery  on  both  the  NBC  Nutrient  Solution  and 
the  control  solution.  Therefore,  it  cannot  be  said  whether  the  solution  did 
actually  sustain  scores  over  the  control  solution  alone.  Another  study  in 
which  the  subjects  endured  longer  or  were  more  stressed  earlier  would  be 
needed  to  determine  the  value  of  the  NBC  Nutrient  Solution  for  sustaining 
cognitive  performance. 
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CONCLUSIONS 


1.  Therf;  were  ao  significant  differences  between  solutions  and  over  time  on 
cognitive  end  motor  performance  tests  under  the  conditions  of  this  study. 

2.  Performance  was  not  enhanced  by  the  NBC  Nutrient  Solution  on  any  of  the 
cognitive  tasks. 

3.  The  results  of  the  present  study  should  be  interpreted  cautiously  because 
the  test  conditions  could  have  resulted  in  underestimation  of  the  solution 
effect. 
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TABLE  1.  COGNITIVE  TASK  PERFORMANCE  FOR  THE  NBC  NUTRIENT  SOLUTION 

Mean  number  correct /minute  and  standard  deviations  for  each  cognitive  task 

by  condition  and  administration 


N 

CONTROL 

NBC  SOLUTION 

ADDITION  (Con^uter) 

8 

Pre-test 

8.50 

± 

3.29 

8.30 

± 

3.08 

Admin  1 

8.25 

± 

2.86 

7.90 

± 

2.62 

Admin  2 

7.93 

± 

3.10 

8.35 

2.88 

Admin  3 

7.85 

± 

3.26 

7.78 

± 

2.86 

ADDITION  (Paper) 

8 

Pre-test 

11.33 

± 

5.75 

11.23 

4.94 

Admin  1 

11.10 

± 

4.96 

11.13 

± 

4.73 

Admin  2 

10.70 

4.88 

11.28 

4.80 

Admin  3 

9.85 

± 

5.30 

10.53 

db 

4.84 

CODING 

(Conputer) 

10 

Pre-test 

36.70 

7.38 

36.37 

5.97 

Admin  1 

36.70 

6.43 

36.30 

7.51 

Admin  2 

37.43 

7.75 

35.70 

7.07 

Admin  3 

33.57 

± 

9.31 

37.60 

± 

7.19 

CODING 

(Paper) 

10 

Pre-test 

39.83 

± 

5.06 

39.37 

± 

6.46 

Admin  1 

40.10 

± 

5.25 

41.80 

db 

5.92 

Admin  2 

40.27 

± 

4.63 

42.17 

± 

5.50 

Admin  3 

36.60 

± 

6.35 

38.73 

± 

6.10 

NUMBER 

COMPARISON  (Computer) 

4 

Pre-test 

25.08 

± 

5.33 

27.00 

± 

3.54 

Admin  1 

28.33 

3.96 

28.33 

± 

2.79 

Admin  2 

26.75 

9.41 

28.25 

4.33 

Admin  3 

20.33 

4.63 

24.50 

± 

4.24 

NUMBER 

COMPARISON  (Paper) 

4 

Pre-test 

23.67 

± 

5.83 

21.33 

db 

4.08 

Admin  1 

23.25 

5.46 

23.58 

± 

3.70 

Admin  2 

22.58 

5.99 

24.67 

db 

6.48 

Admin  3 

21.67 

± 

6.93 

25.67 

6.38 
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N 

CONTROL 

NBC 

SOLUTION 

MAP  COMPASS 

10 

Pre-test 

5.00 

1.81 

5.00 

± 

2.15 

Admin  1 

A. 86 

dt 

2.00 

A. 72 

± 

2.03 

Admin  2 

5. AO 

2.15 

5.32 

2.01 

Admin  3 

A.8A 

1.96 

5.28 

± 

2.18 

TOWER 

(Possible) 

4 

Pre-test 

10.75 

± 

1.26 

9.88 

0.98 

Admin  1 

10.17 

± 

0.91 

9.33 

dt 

1.31 

Admin  2 

10.13 

2.17 

9.63 

1.07 

Admin  3 

8.71 

1.72 

9.38 

db 

1.96 

TOWER 

(Optimal) 

A 

Pre-test 

A. 08 

1.29 

3.5A 

sb 

1.21 

Admin  1 

3.58 

± 

1.57 

3.A6 

± 

1.02 

Admin  2 

A. 13 

± 

1.5A 

3.37 

1.18 

Admin  3 

3.50 

± 

1.08 

3.33 

X 

1.58 
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#  CORRECT  PER  MINUTE 


FIGURE  2.  CODING  (PAPER) 


MINUTES  INTO  STUDY 


#  CORRECT  PER  MINUTE 


FIGURE  3.  NUMBER  COMPARISON  (COMPUTER) 
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#  CORRECT  PER  MINUTE 


FIGURE  4.  MAP  COMPASS 
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#  CORRECT  PER  MINUTE 


FIGURE  5.  ADDITION  (PAPE 
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METHODS 


VliZllance  Measure 

Vigilance  was  mi-asured  using  a  program  developed  in  our  laboratory  which 
ran  on  pocket  con^uters  (Sharp  PC-1500A).  The  dimensions  of  the  computers 
are  19Smm(W)  x  25.5mm(H)  x  86mm(D)  and  they  weigh  375g  each.  Each  con5)uter 
has  a  26  digit  liquid  crystal  display  of  7  x  156  dots. 

During  the  vigilance  task  the  computer  displayed  a  sequence  of  single 
digits.  Each  digit  was  displayed  for  200ms  with  an  inter-digit  interval  of 
350ms.  Subjects  were  required  to  detect  a  sequence  of  three  digits  in  which 
the  first  was  an  odd,  the  second  was  an  even,  and  the  third  was  an  odd  which 
was  different  from  the  first.  Thus,  3-4-5  was  a  target.  Sequen-.es  which 
Included  odd-even-odd,  where  the  two  odds  were  the  same  (e.g.  3-4-3),  were 
distractors.  When  a  target  was  displayed,  the  subject  was  to  respond  by 
pressing  the  space  bar  on  the  keyboard.  Whenever  the  space  bar  was  pressed 
during  the  test,  an  asterisk  {*)  appeared  on  the  display.  Test  sessions 
lasted  about  20  min  and  included  a  random  number  of  targets  and  distractors 
with  an  average  of  20  of  each  per  session.  Because  a  different  number  of 
possible  target  hits  and  distractor  hits  for  each  session  were  created  during 
the  randomization  procedure,  subjects’  scores  were  expressed  as  percentages. 
Sessions  were  analyzed  on  four  measures:  1)  %  target  hits,  2)  %  distractor 
hits,  3)  Z  bad  hits  and  4)  sensitivity  score.  Sensitivity  scores  were 
calculated  using  a  nonparametric  sensitivity  measure  which  is  an  estimate  of 
area  under  the  Receiver  Operating  Characteristic  (ROC)  curve  (1,2). 
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During  three  days  of  the  acclimation  phase  of  the  study,  the  subjects 
performed  the  vigilance  task  once  in  the  morning  and  once  in  the  afternoon. 
This  assured  that  the  subjects  were  very  familiar  with  the  task  and  provided 
baseline  data. 


RESULTS 


Mean  baseline  scores  on  each  of  the  vigilance  measures  were  calculated 
for  each  subject  using  the  last  four  of  the  six  practice  sessions  during  the 
acclimation  phase.  For  the  purpose  of  analyzing  the  data,  X  target  hits, 

%  distractor  hits,  %  bad  hits,  and  sensitivity  scores,  which  were  obtained 
during  the  test  phase,  were  expressed  as  percents  of  their  baseline 
counterparts.  Analyses  of  variance  were  performed  on  the  percent  change  from 
the  baseline.  Too  few  subjects  completed  the  full  24  hours  of  the  test  phase 
to  permit  the  inclusion  of  all  four  of  the  planned  test  trials  in  the 
analysis.  Thus,  only  the  first  two  vigilance  trials  in  the  test  phase  were 
Included. 

Figures  1-4  show  the  mean*'  for  the  four  measures  of  performance  on  the 
vigilance  task.  The  analysis  of  target  hits  revealed  no  significant  effects 
of  the  NBC  Nutrient  solution  (F(l,  8)  <  0.01,  £=0.99).  An  inspection  of  the 
data  reveals  that  this  result  is  largely  due  to  the  great  amount  of 
variability  in  the  scores  for  this  measure.  Target  hit  performance  did  not 
degrade  significantly  over  time  during  the  test  (F(l,  8) =0.95,  £=0.36).  It 
''ill  be  recalled  that  this  analysis  included  only  the  first  two  vigilance 
sessions  during  the  test  phase  (5.5  ard  11.5  hours  into  the  study),  because 
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too  few  subjects  participated  in  the  latter  sessions.  However,  Figure  1 
reveals  an  apparent  trend  toward  a  degradation  of  performance  in  the  last 
session  of  vigilance  testing. 

The  analysis  of  the  data  from  bad  hits  also  showed  no  significant  effects 
of  either  the  NBC  Nutrient  solution  (F(l,  8)=0.71,  £=0.42)  or  time  during  the 
test  phase  (F(l,  8)=0.07,  £=0.80).  As  with  target  hits  there  is  a  suggestion 
of  a  trend  toward  fewer  bad  hits  over  time  during  the  test 
(Figure  2).  This  trend  toward  decreased  hits,  or  possible  attempts  of  any 
kind,  was  also  present  in  the  analysis  of  distractor  hits.  The  number  of 
distractor  hits  was  not  significantly  affected  by  either  the  NBC  Nutrient 
solution  (F(l,  8) =0.07,  £=0.79)  or  time  during  the  test  phase  (F(l,  8) =0.86, 
£=0.38,  see  Figure  3). 

Sensitivity  scores,  which  provide  an  estimate  of  unbiased  sensitivity  to 
responding  to  the  target,  showed  no  significant  effect  of  cither  the  NBC 
Nutrient  solution  (F(l,  8)=0.31,  £=0.60)  or  time  during  the  test  phase  (F(l, 
8)=0.31,  £=0.60,  sec  Figure  A). 

Due  to  the  apparent  trend  of  decreasing  %  target  hits,  %  distractor  hits, 
and  %  bad  hits,  an  additional  analysis  was  performed  using  the  total  number 
of  responses  per  trial  as  a  measure  of  vigilance  performance.  It  was  found 
that  type  of  solution  (F(l,  8)=0.22,  £=0.65)  and  time  during  the  test  phase 
(£(1»  8)=0.87,  £=0.38)  had  no  effect  on  the  total  number  of  responses  per 
trial. 

Whereas  no  significant  values  were  found  when  scores  were  grouped 
according  to  type  of  solution  and  time  during  the  test  phase,  significant 
results  were  obtained  when  scores  were  grouped  according  to  test  day  order 
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and  time  during  the  test  phase.  Subjects’  performance  was  affected  by  test 
day  order  regardless  of  what  type  of  solution  they  consumed.  Separate  ANOVAs 
were  computed  for  each  of  the  four  measures  of  vigilance.  As  with  the 
previous  analyses,  scores  were  expressed  as  percent  changes  from  their 
baseline  counterparts. 

It  was  found  that  test  day  order  had  an  effect  on  target  hit  performance 
(£(1»  8)=8.63,  £<0.02),  with  subjects  scoring  fewer  target  hits  on  their 
second  test  day.  Time  during  the  test  phase  had  no  effect  on  target  hit 
scores  (F(l,  8)=0.95,  £=0.359).  Subjects’  scores  for  bad  hits  were  not 
affected  by  test  day  order  (F(l,  8)=0.53,  £=0.A9)  or  by  time  during  the  test 
phase  (F(l,  8)=0.07,  £=0.80).  Subjects  scored  somewhat  fewer  distractor  hits 
on  their  second  test  day  (F(l,  8)=4.6A,  £=0.06)  "'ime  during  the  test  phase 
had  no  effect  on  distractor  hit  scores  (F(l,  8)=0.86,  £=0.38).  Sensitivity 
score?!  demonstrated  an  effect  of  test  day  order  (F(l,  8)=5.82,  p<0.05) ,  with 
subjects’  performance  decreasing  on  the  second  test  day.  Time  during  the 
test  phase  had  no  effect  on  sensitivity  scores  (F(l,  8)=0.31,  £=0.59). 

DISCUSSION 


Statistical  analyses  of  the  two  trials  revealed  no  significant  effects  of 
either  the  NBC  Nutrient  solution  or  time  for  the  four  measures  of  vigilance 
that  were  obtained.  The  apparent  lack  of  effect  of  type  of  solution  consumed 
or  time  during  the  test  phase  may  be  explained  in  two  ways.  First,  the  large 
variability  in  the  performance  of  the  subjects  on  the  vigilance  task 
contributed  substantially  to  the  difficulty  in  revealing  any  effects  that 
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might  exist  for  the  measures  of  vigilance.  Figures  1  to  3  show  a  consistent 
trend  of  fewer  responses  as  time  passed  during  the  test  phase.  A  combined 
score  which  reflects  the  subjects’  total  number  of  responses  (target  hits  + 
bad  hits  +  distractor  hits)  during  a  trial  was  analyzed,  with  no  differences 
found  an»ng  the  trials.  In  future  studies  of  this  sort,  refinements  of  the 
task  itself  might  reduce  the  amount  of  variability.  We  would  also  want  to 
include  more  trials  and,  when  possible,  more  subjects  in  subsequent  studies. 

The  second  possible  explanation  for  the  absence  of  significant  effects  is 
that  the  NBC  Nutrient  solution  had  no  effect  on  vigilance.  Indeed,  there  is 
no  evidence  to  indicate  that  NBC  Nutrient  solutions  affect  vigilance 
performance  under  conditions  similar  to  those  examined  in  this  study.  It  was 
anticipated  that  the  combined  effects  of  fatigue,  hunger,  etc.  would  produce 
a  degradation  of  vigilance  performance,  and  that  the  NBC  Nutrient  solution 
would  have  a  positive  effect  on  that  degradation.  However,  this  did  not 
happen.  Thus,  while  there  is  a  hint  that  vigilance  did  decrease  over  time  in 
the  test,  it  is  clear  that  the  NBC  Nutrient  solution  did  not  improve  this 
degraded  performance. 

Due  to  the  lack  of  effect  of  solution  and  time  during  the  test  phase, 
another  set  of  analyses  were  performed  by  grouping  the  subjects’  scores  in 
regard  to  test  day  order  and  time  during  the  test  phase.  Target  hits, 
distractor  hits,  and  sensitivity  scores  were  affected  by  test  day  order  with 
subjects  responding  less  on  their  second  test  day  regardless  of  what  solution 
they  consumed.  Perhaps  this  effect  of  test  day  order  contributed  to  the 
variability  of  scores  resulting  in  no  differences  between  the  NBC  Nutrient 
solution  trial  and  the  control  solution  trial.  In  the  future,  it  is 
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recommended  that  subjects  be  given  a  recovery  period  that  is  longer  than  the 
one-week  period  given  in  the  present  study. 

CONCLUSIONS 

1.  Con^ared  to  the  control  solution,  the  NBC  Nutrient  solution  did  not 
alfect  performance  on  the  conyputer  vigilance  task.  Measures  including 

%  target  hits,  %  bad  hits,  Z  distractor  hits,  and  sensitivity  scores  were 
analyzed  and  were  not  statistically  different. 

2.  Time  during  the  test  phase  also  had  no  effect  on  the  four  measures  of 
vigilance.  Subjects  who  were  included  in  the  analysis  demonstrated  no 
degradation  of  performance  over  time. 

3.  Test  day  order  was  found  to  affect  performance  on  three  of  the  four 
measures  of  the  vigilance  task.  Subjects  responded  to  fewer  targets  and 
dlstractors,  and  scored  lower  on  the  sensitivity  measure  on  their  second  test 
day  regardless  of  what  solution  they  consumed. 
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Figure  1.  Percent  target  hits  as  a  function  of  time . 
Plotted  are  means,  and  the  standard  error  for  baseline. 
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Fiflure  3.  Percent  distractor  hits  as  a  function  of  time. 
Plotted  are  means,  and  the  standard  error  baseline. 
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Figure  4.  Sensitivity  scores  as  a  function  of  time. 
Plotted  are  means,  and  the  standard  error  for  baseline. 
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METHODS 


Test  Materials  and  Apparatus 

Two  broad-based  questionnaires  were  administered  for  a  conq>rehensive 
assessment  of  test  effects.  (1)  Environmental  Symptoms  Questionnaire  (ESQ) 
[1].  Sixty-eight  items  were  presented.  Most  items  described  physical  rather 
than  psychological  symptoms.  The  Intensity  of  each  item  was  rated  on  a  six- 
point  scale.  (2)  Profile  of  Mood  States  (POMS)  [2].  Sixty-five  items  were 
presented.  Most  items  were  related  to  five  negative  factors  (Anger, 
Depression,  Tension,  Fatigue,  and  Confusion)  and  a  positive  one  (Vigor).  The 
Intensity  of  each  item  was  rated  on  a  flve-poln.  scale.  Both  questionnaires 
were  programmed  on  portable  computers  (GRID  Compass  II,  GRID  Systems 
Corporation,  Mountain  View,  CA).  Instructions  preceded  each  questionnaire. 
Individual  items,  accompanied  by  the  appropriate  rating  scale,  appeared  on 
the  screen  one  at  a  time.  No  items  could  be  omitted,  and  out-of-range 
responses  were  not  accepted. 

Procedure 

Test.  Two  days  before  the  start  of  each  test  iteration,  baseline  symptom 
and  mood  ratings  were  obtained  under  hot-dry  environmental  conditions. 

During  the  test  iterations,  ratings  were  obtained  at  six-hour  intervals  and 
whenever  a  subject  ended  his  participation.  All  ratings  were  retrospective, 
encompassing  the  time  since  arrival  at  the  test  site  or  since  the  previous 
questionnaire  administration. 
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Data  analysis.  Some  of  the  data  collected  were  excluded  from  analysis. 
All  data  from  one  subject  (#6)  were  excluded  because  it  was  learned  that  he 
had  contracted  a  cold  prior  to  the  start  of  the  second  test.  In  addition, 
data  from  those  administrations  that  did  not  include  the  remaining  subjects 
in  both  solution  conditions  were  excluded.  Since  most  subjects  terminated 
their  participation  at  some  point  before  the  end  of  an  Iteration,  only  three 
administrations  were  analyzed.  Thus  data  from  11  subjects  for  the  baseline 
administrations  (PRE),  first  six-hour  administrations  (6H),  and  the 
administrations  that  occurred  whenever  subjects  terminated  their 
participation  (POST)  were  analyzed.  Questionnaire  item  ratings  were  analyzed 
individually  and  combined  to  provide  a  total  score  for  each  questionnaire. 

The  Total  Synq>tom  Score  (ESQ)  was  computed  by  summing  all  the  individual 
ratings.  The  Total  Mood  Disturbance  Score  was  computed  as  described  by 
McNair,  Lorr,  &  Droppleman  [2].  This  essentially  involved  subtracting  the 
positive  factor  (Vigor)  score  from  the  negative  factor  scores. 

Questionnaire  items  and  total  scores  were  submitted  to  two  levels  of 
statistical  analysis  [3].  (1)  Two-way  repeated-measure  analysis  of  variance 

(ANOVA).  Emphasis  was  on  within-subjects  main  effects  of  the  two  types  of 
solutions  (S)  and  interactions  of  the  type  of  solution  with  changes  over  the 
three  questionnaire  administrations  (SA).  In  addition,  a  grouping  factor  (0) 
was  created  to  determine  whether  the  order  in  which  the  solutions  were 
consumed  had  any  effect.  (2)  Post  hoc  (Tukey  BSD)  tests.  For  more  exact 
specification  of  the  nature  of  significant  (p<0.05)  ANOVA  effects,  all 
possible  combinations  of  levels  of  the  within-subjects  and  between-groups 
factors  were  conq>ared. 
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RESULTS 


General  Effects 

Compared  with  the  control  solution,  the  NBC  solution  was  associated  with 
lower  8yn5>tom  intensity  and  improved  mood.  Overall,  both  the  Total  Symptom 
and  the  Total  Mood  Disturbance  Scores  were  significantly  (p<0.05)  lower  in 
the  NBC  solution  condition.  Table  1  shows  this  effect  was  primarily  due  to 

I 

changes  that  occurred  after  six  hours.  At  the  six  hour  administration,  no 
significant  differences  from  baseline  were  seen  for  either  the  syn^tom  or 
mood  measure.  After  six  hours  (POST),  there  was  still  no  significant  change 
in  mean  intensity  in  the  NBC  solution  condition  while  there  was  a  significant 
Increase  in  both  measures  (p<0.01)  in  the  the  control  condition.  At 
termination,  the  mean  symptom  score  in  the  NBC  solution  condition  was  only 
63X  of  that  reported  in  the  control  condition  and  the  mood  disturbance  score, 
which  showed  an  even  greater  difference  (p<0.01),  was  39%  of  that  seen  in  the 
control  condition.  Figure  1  shows  the  patterns  of  change  over  time.  It  can 
be  seen  that  there  is  considerable  similarity  between  general  changes  in 
symptoms  and  mood. 

No  significant  effects  related  to  the  order  in  vdiich  the  solutions  were 
Ingested  were  seen  for  either  the  symptom  or  mood  score. 

Individual  Items 

Order  effects.  Seven  percent  of  the  ESQ  items  and  12%  of  the  POMS  items 
that  showed  significant  effects  for  the  two  solution  conditions  also  showed 
significant  differences  depending  on  the  order  in  idiich  the  solutions  were 
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tested.  The  primary  order  effect  appeared  to  involve  items  related  to 
fatigue,  with  the  differences  being  greatest  at  termination.  For  these 
items,  beneficial  effects  of  the  NBC  solution  were  seen  if  the  solution  was 
consumed  in  the  first  iteration  and  water  in  the  second.  When  the  NBC 
solution  was  consumed  in  the  second  Iteration  and  water  in  the  first,  no 
differences  were  seen  between  the  solutions. 

ESQ  and  POMS  items  showing  significant  order  effects  are  presented  in 
Appendices  7  and  8.  These  items  will  be  excluded  from  further  consideration. 

Primary  effects.  Fifteen  symptom  and  mood  items  showed  solution  effects 
that  did  not  depend  on  the  order  in  which  the  solutions  were  presented. 

These  items  were  combined,  one  redundant  item  eliminated,  and  the  remaining 
items  reduced  to  six  primary  effects.  These  are  presented  in  Table  2, 
together  with  significance  levels.  The  first  five  columns  show  various  types 
of  differences  between  control  and  NBC  solution  conditions:  overall 
differences  between  the  solution  conditions  (S),  in  the  way  the  two 
conditions  changed  over  administrations  (SA),  and  in  the  differences  between 
the  solutions  at  each  of  the  questionnaire  administrations  (PRE,  6H,  POST). 
The  last  four  columns  show  the  differences  between  the  last  two 
administrations  (6H,  POST)  from  the  baseline  administration  (PRE)  for  both 
the  control  and  the  NBC  solution  condition. 

All  15  items  indicated  that  physical  and  mental  states  deteriorated  less 
in  the  NBC  than  the  control  condition}  none  of  the  items  suggested  any 
adverse  effects  of  the  solution.  The  beneficial  effects  were  most  apparent 
for  perceptual-motor  and  cognitive  items.  There  were  no  significant 
increases  relative  to  baseline  in  the  NBC  group,  while  there  were  significant 
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increases  in  the  control  condition  by  termination  for  all  items  but  one 
("shaking  hands").  These  different  changes  over  time  produced  significant 
differences  between  the  conditions  at  termination.  Mean  intensity  at 
termination  in  the  NBC  condition  ranged  from  14Z  ("confusion")  to  37%  ("poor 
concentration" I  "poor  coordination")  of  that  in  the  control  condition. 
Emotional  and  thermal  items  showed  significantly  lower  overall  intensity 
ratings  in  the  NBC  condition  but  no  significant  differences  at  specific 
points.  Nevertheless,  intensity  at  termination  for  the  NBC  condition  ranged 
from  a  low  of  8-9%  of  that  seen  in  the  control  condition  ("stomach  ache", 
"grouchiness")  to  79%  ("hunger"). 

Only  one  item,  "fatigue",  showed  significant  increases  in  both  the  NBC 
(p<0.05)  and  control  (p<0.01)  conditions.  While  the  NBC  condition  was 
associated  with  significantly  (p<0.05)  lower  fatigue,  the  nature  of  the 
effect  was  not  clear.  A  number  of  other  symptom  and  mood  items  related  to 
fatigue  showed  significant  effects  that  depended  on  the  order  in  which  the 
solutions  were  tested. 


DISCUSSION 


The  NBC  solution  appeared  to  have  beneficial  effects  on  a  number  of 
8yii5>toms  and  adverse  mood  states.  For  the  first  six  hours,  the  NBC  Nutrient 
solution  offered  no  apparent  advantage  over  the  control  solution. 

Thereafter,  self-report  measures  showed  that  perceptual-motor,  cognitive, 
emotional,  gastrointestinal,  and  thermal  problems  were  eliminated  or 
attenuated  when  the  solution  was  consumed.  No  harmful  effects  were  reported. 
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However,  these  findings  do  not  constitute  an  unqualified  endorsement  of  the 
solution. 

For  one,  it  is  possible  that  the  subjects  were  biased  in  favor  of  the  NBC 
solution.  The  inadvertent  omission  of  artificial  sweetening  from  the  control 
solution  made  it  readily  apparent  to  the  subjects  that  they  were  consuming 
colored,  flavored  water.  Nevertheless,  the  data  do  not  suggest  that  the 
subjects  were  indiscriminately  reporting  higher  levels  of  syn^) tomato logy  and 
mood  distress  in  the  control  condition.  Items  showing  any  kind  of  primary 
solution  effects  comprised  only  13%  of  the  ESQ  and  9%  of  the  POMS  items. 
Moreover,  many  of  the  effects  are  consistent  with  lowered  blood  sugar  [5]  if 
not  electrolyte  Imbalance.  Finally,  objective  measures  seem  to  corroborate 
some  effects.  For  example,  the  lower  level  of  cognitive  problems  reported 
here  for  the  NBC  condition  is  consistent  with  the  findings  reported  in  the 
previous  section  (Cognitive  and  Motor  Performance  Tests). 

In  addition,  it  is  difficult  to  generalize  from  the  test  conditions  to 
the  NBC  environment  for  \dilch  the  solution  is  Intended.  Soldiers  in  running 
shoes  and  shorts  do  not  experience  all  the  same  problems  as  those 
encapsulated  in  the  full  chemical  protective  ensemble  (MOPPA).  When  symptom 
and  mood  questionnaires  were  administered  in  a  series  of  field  tests,  five 
basic  syn^toms  were  shown  to  be  related  to  endurance  in  test  after  test 
[5-9].  Breathing  problems  (painful  breathing,  difficulty  breathing, 
shortness  of  breath),  headache  and  nausea  were  consistently  greater  in 
casualties  (voluntary /medical  terminations)  than  in  survivors.  There  were  no 
significant  effects  of  the  solution  on  any  of  these  items.  The  effect  of  the 
solution  on  respiratory  problems  could  not  be  assessed;  there  was  no 
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significant  increase  over  the  course  of  the  test  (Appendix  8).  Headache  and 
nausea  did  show  significant  increases.  Since  symptomatic  treatment  was 
offered  by  the  medical  monitor,  it  is  possible  that  this  obscured  any 
differential  effects  of  the  NBC  solution  and  control  solution.  However,  such 
interventions  also  occurred  in  the  above  mentioned  NBC  field  tests. 

Therefore,  it  appears  that  two  of  the  five  basic  M0PP4  syiq>toms  were 
unaffected  by  the  solution  and  the  other  three  could  not  be  assessed.  Both 
the  positive  findings  and  the  confounding  factors  suggest  that  a  truly 
double-blind  test  of  control  vs  the  NBC  solution  (two  "different"  solutions) 
be  conducted  in  M0PP4.  In  addition,  this  would  offer  an  opportunity  to 
address  some  questions  raised  by  the  findings  of  this  study.  For  example, 
several  items  related  to  fatigue  showed  differences  between  the  solutions 
only  when  the  NBC  solution  was  administered  in  the  first  iteration.  Does 
that  mean  that  the  NBC  solution  has  effects  that  are  negated  by  cumulative 
fatigue? 


CONCLUSIONS 


1.  The  NBC  solution  offered  no  apparent  advantage  over  the  control  solution 
during  the  first  six  hours  of  light  exertion  in  a  hot,  dry  environment.  No 
significant  increases  in  synq)tom  intensity  or  mood  disturbance  occurred  with 
either  solution. 

2.  After  six  hours,  the  NBC  solution  appeared  to  help  maintain  symptom  and 
adverse  mood  intensity  near  baseline  levels  while  significant  increases 
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occurred  for  both  measures  when  only  the  control  solution  was  consumed. 
Perceptual-motor,  cognitive,  emotional,  gastrointestinal,  and  thermal  items 
were  primarily  affected.  No  adverse  effects  were  reported  for  the  NBC 
solution. 

3.  The  extent  to  which  the  NBC  solution  will  aid  soldiers  in  NBC 
environments  is  questionable  at  present.  Symptoms  that  appear  to  be  basic  to 
endurance  in  M0PP4  were  either  not  Improved  (headache,  nausea)  or  not 
produced  by  the  test  conditions  (respiratory  problems). 
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TABLE  1.  GENERAL  SYMPTOM  AND  MOOD  EFFECTS  OF  THE  NBC  NUTRIENT  SOLUTION. 
Pre-test  mean  total  scores  compared  with  those  obtained  after  six  hours  and 
at  termination  for  both  the  control  and  the  NBC  Nutrient  solution  conditions. 


PRE 

MEAN  INTENSITY 

6H 

*SD 

POST 

** 

MOOD  DISTURBANCE  SCORE 

Control 

4.82 

6.55 

33.91** 

*19.71 

*20.33 

*26.26 

NBC 

1.27 

-  3.55 

13.27 

*11.79 

*  9.06 

*13.96 

SYMPTOM  SCORE 

Control 

30.55 
*  8.59 

32.00 

*20.26 

62.27** 

*35.87 

NBC 

24.91 

*10.67 

23.64 
*  8.99 

39.82 

*19.44 

^Asterisks  indicate  post  hoc  test  significance  levels  (*=p<0.05, 

***p<0.01). 
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TABLE  2. 

COMBINED 

SYMPTOM  AND 

MOOD  ITEMS 

SHOWING 

SIGNIFICANT  NBC  NUTRIENT 

SOLUTION 

EFFECTS. 

CONTROL  vs 

NBC 

PRE-TEST 

vs  TEST 

Control 

NBC 

S 

SA  PRE 

6H  POST 

6H  POST 

6H  POST 

FATIGUE 


fatigue 

* 

** 

NS 

NS 

** 

NS 

** 

NS 

* 

PERCEPTUAL-MOTOR 

dim  vision 

NS 

★ 

NS 

NS 

** 

NS 

** 

NS 

NS 

poor  coordination 

** 

* 

NS 

NS 

* 

NS 

** 

NS 

NS 

shaking  hands 

icic 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

COGNITIVE 

poor  concentration 

NS 

★ 

NS 

NS 

** 

NS 

NS 

NS 

confusion 

* 

NS 

NS 

NS 

* 

NS 

* 

NS 

NS 

GASTROINTESTINAL 

stomach  ache 

* 

•kic 

NS 

NS 

** 

NS 

** 

NS 

NS 

hunger 

* 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

EMOTIONAL 

irritability 

* 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

grouchiness 

* 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

resentfulness 

* 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

badtemperedness 

NS 

* 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

THERMAL 

warmth 

* 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

feverishness 

★ 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

^  S=8olutlon  main  effect,  SA=solution  x  administration  interaction. 
Asterisks  indicate  significance  levels  (NS»p>0.05  ,  *=p<0.05,  **=p<0.01). 
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METHODS 


Wlthin-Test  Measures 

At  tha  start  of  the  test  and  every  three  hours  thereafter,  an  evaluation 
of  the  acceptance  and  perceived  sensory  qualities  of  the  NBC  Nutrient 
solution  and/or  control  solution  was  conducted.  In  addition,  subjective 
self-reports  of  internal  bodily  states  were  collected.  For  these 
evaluations,  subjects  were  administered  a  brief  10-ltem  questionnaire 
(Appendix  9).  Subjects  were  G;eated  ut  a  table  and  asked  to  complete  the 
first  4  items  of  the  questionnaire.  These  4  items  required  the  subjects  to 
rate  their  current  level  of  thirst,  hunger,  alertness  and  strength.  After 
responding  to  these  items,  subjects  were  asked  to  taste  the  NBC  Nutrient 
solution  or  the  control  solution  from  a  freshly  filled  canteen  and  to 
complete  the  remaining  items  of  the  questionnaire.  The  latter  items  required 
the  subjects  to  rate  the  hedonic  and  sensory  aspects  of  the  NBC  Nutrient 
solution  or  control  solution.  Specific  aspects  rated  were  "overall  liking" 
(or  disliking),  "sweetness",  "saltiness",  "flavor  intensity",  "sourness",  and 
temperature.  A  nire  point  hedonic  scale  (1)  was  used  to  assess  liking.  All 
of  the  other  items,  except  that  for  teuiperature,  employed  10-point  category 
scales,  with  zero  (0.0)  reflecting  absence  of  the  attribute  and  10  reflecting 
an  extremely  Intense  perception  of  the  attribute.  The  temperature  scale  was. 
a  9-polnt  bidirectional  category  ^cale  (l=extremely  cool,  5=neutral, 
9=extremely  warm). 
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Post-Test  Measures 

At  the  coR^letion  of  the  test,  a  post-test  quest. ■'.onnaire  was  administered 
(Appendix  10).  This  questionnaire  addressed  issues  related  to  the  acceptance 
of  the  NBC  Nutrient  solution  as  compared  to  the  control  solution.  Multiple- 
choice  questions  with  scaled  responses  and  open-ended  questions  were  used. 

RESULTS 


Within-Test  Measures 

Figures  1-10  are  plots  of  the  mean  ratings  across  subjects  for  each  of 
the  dependent  variables  as  a  function  of  time.  Two-way  analyses  of  variance 
were  conducted  on  each  of  the  variables  to  assess  the  effect  of  both  fluid 
condition  and  time.  However,  while  the  data  in  Figures  1-10  are  based  on  all 
subjects  still  remaining  in  the  test  at  each  time  period,  analyses  of 
variance  were  conducted  only  on  data  collected  through  the  first  15  hours  of 
the  test.  The  reason  for  this  is  that  the  data  contained  in  the  remaining 
9  hours  is  based  on  such  few  subjects  (A  or  less)  in  each  condition  that  the 
power  of  the  test  would  suffer  by  including  these  data. 

Hunger  ratings.  Hunger  ratings  are  shown  in  Figure  1.  As  would  be 
expected,  hunger  Increased  as  a  function  of  time  for  subjects  in  both  fluid 
conditions.  Analysis  of  variance  showed  the  main  effect  of  time  on  hunger 
ratings  to  be  highly  significant  (F=11.6A;  df=35,5;  p<0.001).  Although  the 
data  in  ’^igure  1  seem  to  show  an  absolute  difference  in  hunger  ratings 
between  the  two  fluid  conditions,  with  the  control  solution  showing  greater 
hunger  at  each  time  period,  neither  the  main  effect  of  fluid  condition  nor 
the  fluid  X  time  interaction  effect  was  statistically  significant. 
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Thirst  ratings.  The  data  for  thirst  sensations  are  shown  In  Figure  2. 

As  can  be  seen,  thirst  sensations  significantly  decreased  over  time 
(F=4.79;  df=35,5;  p<0.002),  reflecting  the  effects  of  forced  drinking  to 
ensure  luhydratlon.  Thirst  sensations  did  not  differ  significantly  between 
the  two  fluid  condlr  j.is  -er  the  first  15  hours,  although  It  appears  that 
the  functions  diverge  after  18  hours.  Unfortunately,  there  are  too  few  data 
points  to  draw  any  statistically  valid  conclusions  about  this  apparent 
difference. 

Self-reports  of  alertness.  Self-reported  alertness  Is  shown  In  Figure  3. 
A  gradual  decline  In  subject’s  ratings  occurred  as  a  function  of  time  In  both 
fluid  conditions  through  the  first  15  hours  (F=6.41;  df=35,5;  p<0.001). 
However,  there  was  no  main  effect  of  fluid  condition  or  fluid  X  time 
Interaction  during  this  period.  After  18  hours,  self-reported  alertness 
appears  to  Increase  In  both  fluid  conditions,  perhaps  reflecting  an 
anticipatory  end-of-test  effect. 

Self-reports  of  physical  strength.  As  with  self-reported  alertness  the 
self-reports  of  physical  strength  shown  In  Figure  4  decline  as  a  function  of 
time  during  the  first  15  hours  (F=8.49;  df=35,5;  p<0.001).  Again,  there  Is 
no  main  effect  of  fluid  nor  fluid  X  time  Interaction,  and  there  Is  an 
apparent  Increase  in  self-reported  physical  strength  In  the  NBC  Nutrient 
solution  condition  during  the  last  3-6  hours  of  the  test. 

Fluid  Tempereture.  Fijjure  5  shows  the  data  for  judgments  of  fluid 
ten5>erature.  A  two-way  ANOVA  on  these  data  failed  to  show  any  effect  of 
fluid  condition  or  time  on  the  judged  temperature  of  the  fluids  during  the 
first  15  hours.  The  data  points  at  21  hours  appear  erratic  and  are  likely 
due  to  the  small  number  of  subjects  contributing  to  the  data. 
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Sensory  acceptance.  Judgments  of  liking/disliking  of  the  fluids  over 
time  are  shown  in  Figure  6.  A  large  and  statistically  significant 
difference  in  liking  for  the  two  fluids  can  be  seen  (F=16.19;  df=7,l; 
p<0.005).  The  NBC  Nutrient  solution  was  greatly  preferred  to  the  control 
solution  throughout  the  test.  There  was  also  a  significant  main  effect  of 
time  on  acceptance  ratings  (F=5.35,  df*=35,5;  p<0.001)  and  a  significant  fluid 
X  time  interaction  effect  (F=3.02}  df=35,5;  p<0.02).  These  effects  can  be 
seen  in  Figure  6  as  the  rather  large  and  systematic  decline  In  the  acceptance 
of  the  NBC  Nutrient  solution  over  the  first  15  hours,  as  contrasted  with  the 
much  more  moderate  decline  in  the  acceptance  of  the  control  solution  over 
this  time.  The  decline  in  the  acceptance  of  both  fluids  over  time  is 
probably  due  to  flavor  monotony  and  the  sensory-specific  satiety  that  results 
from  prolonged  consumption  of  the  same  fluid.  It  should  be  noted  that  after 
15  hours,  the  NBC  Nutrient  solution  appears  to  show  some  recovery  of 
acceptance,  but  with  the  small  number  of  subjects  it  is  difficult  to 
determine  unequivocally. 

SxJeetness.  The  sweetness  data  in  Figure  7  reflect  an  expected 
significant  difference  in  perceived  sweetness  between  the  two  fluids 
(F=30.86,  df“7,l;  p<0.001),  with  the  fructose-sweetened  NBC  Nutrient  solution 
being  judged  much  sweeter  than  the  unsweetened  but  flavored  control  solution. 
Neither  the  main  effect  of  time  nor  the  interaction  effect  was  significant. 

Saltiness.  As  with  judgments  of  sweetness,  the  data  in  Figure  8  show  a 
much  greater  perceived  saltiness  for  the  NaCl-containing  NBC  nutrient 
solution  than  for  the  unsalted,  flavored  control  solution  (F=9.0A;  df=7,l; 
p<0.020).  Moreover,  there  was  also  a  main  effect  of  time  (F=3.67;  df=35,5; 
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p<0.009),  as  reflected  In  the  gradual  decline  in  perceived  saltiness  for  both 
fluids  over  time. 

Flavor  intensity.  The  Judgments  of  flavor  intensity  in  Figure  9  show  the 
same  significant  fluid  effect  as  for  sweetness  and  saltiness.  The  NBC 
nutrient  solution  was  perceived  as  having  more  flavor  Intensity  than  the 
flavored  control  solution  (F=14.8,  df*7,l;  p<0.006).  As  with  judgments  of 
saltiness,  a  gradual  but  significant  decrease  in  flavor  Intensity  judgments 
over  time  (F=4.83;  df=35,5;  p<0.002)  can  be  seen  in  Figure  9. 

Sourness .  Figure  10  shows  the  sourness  judgments  over  time.  Unlike  the 
judgments  of  sweetness,  saltiness  and  flavor  intensity,  there  was  no  main 
effect  of  fluid  on  sourness  judgments,  l.e.,  they  were  perceived  to  be 
equally  sour.  However,  the  judgments  of  sourness  for  both  fluids  declined 
significantly  over  time  (F=4.93}  df=35,5;  p<0.002). 

Correlations  among  dependent  variables.  Tables  1  and  2  show  Pearson 
product-moment  correlation  coefficients  for  the  relationships  among  the 
dependent  variables  of  thirst,  hunger,  self-reported  alertness  and  self- 
reported  strength  for  the  control  solution  (Table  1)  and  NBC  nutrient 
solution  (Table  2)  conditions.  The  data  in  Tables  1  and  2  are  remarkably 
similar  in  showing  no  significant  association  among  these  4  variables, 
except  for  the  strong  positive  association  between  self-reported  strength 
and  alertness. 

Tables  3  and  4  show  Pearson  product -moment  correlation  coefficients 
among  the  six  sensory  variables  for  the  control  solution  (Table  3)  and  NBC 
nutrient  solution  (Table  4)  conditions.  Examination  of  Table  3  reveals 
Independence  between  judgments  of  the  acceptance  (like/dislike)  of  the 
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control  solution  and  each  of  the  other  sensory  variables.  Similarly, 
judgments  of  the  temperature  of  the  fluid  are  independent  of  all  other 
sensory  attributes.  In  contrast  the  judgments  of  perceived  sweetness, 
saltiness,  flavor  intensity  and  sourness  were  all  significantly  correlated 
with  one  another  (positive  association).  Examination  of  Table  A  also  reveals 
an  independence  between  acceptance  judgments  and  each  of  the  other  sensory 
variables  and  between  tetiq>erature  judgments  and  each  of  the  other  sensory 
variables,  except  perceived  sourness.  The  latter  correlation,  between 
ten^erature  and  sourness,  is  positive  and  highly  significant,  although  a 
theoretical  explanation  is  not  readily  apparent.  The  only  other 
statistically  significant  associations  in  Table  4  are  between  judgments  of 
perceived  sweetness  and  flavor  intensity  and  between  perceived  sweetness  and 
sourness.  The  former  association  is  positive,  while  the  latter  is  negative. 
The  failure  to  find  significant  associations  among  perceived  saltiness, 
flavor  Intensity  and  sourness  in  these  data,  in  contrast  to  the  control 
solution  data  of  Table  3,  is  probably  attributable  to  the  overall  greater 
Intensity  of  each  of  these  variables  in  the  NBC  Nutrient  solution,  making 
discrimination  among  the  variables  easier  and  fostering  greater  Independence 
of  judgment  than  in  the  control  solution  condition. 

Post-Test  Measures 

Matched  t-tests  were  performed  on  the  data  collected  through  the  post¬ 
test  questionnaires  (Appendix  9)  to  assess  differences  between  the  two  fluid 
conditions.  Statistically  significant  differences  between  the  control 
solution  and  NBC  Nutrient  solution  were  found  for  judgments  of  fluid 
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acceptance  (Ql:  t=-3.2A,  df=ll,  p<0.01),  perceived  energy  provided  by  the 
fluid  vs  "water"  (Q3:  t=2.86,  df=ll,  p<0.05)  and  perceived  psychological 
“lift"  provided  by  the  fluid  (Q6:  t=-3.55,  df=ll,  p<0.01).  In  each  case  the 
NBC  Nutrient  solution  was  more  acceptable,  provided  relatively  more  energy 
than  "water"  and  gave  more  of  a  psychological  "lift."  No  statistical 
difference  was  found  for  judgments  of  relative  acceptance  vs  water,  whether 
the  sole  use  of  the  fluid  In  the  field  would  be  a  problem,  and/or  the  nature 
and  quantity  of  canteens  of  the  fluid  desired  vs  water. 


DISCUSSION 


The  combined  results  of  the  subjective  evaluations  are  Internally 
consistent.  Although  they  do  not  show  a  major  beneficial  effect  of  the  NBC 
Nutrient  solution  over  the  control  solution,  nevertheless.  It  Is  clear  that 
the  NBC  Nutrient  solution  was  preferred  over  the  control  solution,  and  there 
may  have  been  some  beneficial  cognitive  effects  on  perceived  energy, 
psychological  "lift",  etc. 

The  significant  increase  In  hunger  and  decreases  in  self-reported 
alertness  and  strength  over  time  are  consistent  with  expected  metabolic  and 
physiological  effects  of  consuming  water  or  a  calorie-containing  fluid  for  an 
extended  period  of  time  while  treadmill  walking  In  heat  and  without  sleep  or 
prolonged  rest.  Although  the  data  from  the  post-test  questionnaire  provide 
some  evidence  c£  a  beneficial  effect  of  the  NBC  Nutrient  solution  on 
perceived  energy  and  providing  a  psychological  "lift",  the  within-test  data 
show  only  a  general  trend  that  the  NBC  Nutrient  solution  amelic rates  these 
effects. 
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Although  it  would  normally  be  expected  that  thirst  would  increase  under 
the  stated  test  conditions,  the  observed  decrease  in  thirst  sensations  over 
time  in  this  study  is  directly  attributable  to  the  procedure  of  forced 
drinking  that  was  utilized  to  effect  euhydration  for  all  subjects  throughout 
the  test.  The  latter  procedure  eliminates  the  major  physiological 
antecedants  of  thirst  sensations.  The  fact  that  thirst  sensations  not  only 
failed  to  Increase,  but  actually  decreased  over  time  in  this  study  is 
probably  attributable  to  the  cognitive  components  of  subjective  thirst,  i.e., 
the  subjects  were  forced  to  drink  continuously  throughout  the  study  and  knew 
that  fluid  was  always  available  to  them. 

Concerning  the  sensory  and  hedonic  aspects  of  the  NBC  Nutrient  solution 
vs  control  solution,  it  is  clear  that  subjects  could  easily  distinguish 
between  the  two  fluids.  This  discrimination  was  not  due  to  any  perceived 
difference  in  the  temperature  of  the  fluids,  which  showed  no  effect  by  fluid 
or  time.  Rather,  subjects  could  distinguish  the  NBC  Nutrient  solution  by  its 
significantly  more  Intense  sweetness,  saltiness  and  lemon-lime  flavor.  The 
ability  of  subjects  to  easily  distinguish  between  the  test  fluids  and, 
thereby,  between  the  test  conditions,  demands  that  all  of  the  data  from  this 
study  be  viewed  carefully  for  possible  subject  biases,  to  ensure  that 
cognitive  variables  may  not  be  influencing  the  results. 

In  addition  to  easily  discriminating  between  the  two  fluids,  the 
acceptance  data  from  both  the  within-test  and  post-test  questionnaires  are 
clear  in  showing  that  subjects  preferred  to  drink  the  NBC  Nutrient  solution 
over  the  control  solution.  Although  preference  Itself  may  not  be  the  most 
critical  factor  in  developing  a  nutrient  replacement  fluid,  nevertheless. 
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preference  is  very  frequently  correlated  with  voluntary  consumption,  and  the 
latter  is  critical  under  conditions  of  high  heat  stress  and  sweating. 

Of  psychophysical  interest  in  these  sensory  data,  are  the  significant 
declines  in  perceived  saltiness,  sourness  and  flavor  intensity  over  time. 
These  data  reflect  a  classic  sensory  adaptation  phenomenon,  resulting  from 
repeated  stimulation  of  the  receptors  responsible  for  mediating  these 
sensations.  Such  adaptation  frequently  leads  to  sensory  specific  satiety, 
in  which  foods  or  fluids  that  have  the  same  or  similar  flavor  are  no  longer 
consumed  with  the  same  frequency.  The  forced  drinking  procedure  of  this 
study  obviates  any  possibility  of  observing  such  a  decline  in  consumption, 
but  these  data  suggest  that  under  completely  ad  libitum  conditions,  sensory 
specific  satiety  may  result  from  prolonged  consumption  of  these  fluids, 
causing  reduced  consumption  and  contributing  further  to  possible  voluntary 
dehydration.  The  interaction  of  this  effect  with  the  effect  of  increased 
consuii5)tlon  resulting  from  an  initially  more  acceptable  fluid  must  be  studied 
before  conclusions  about  net  gains  in  consumption  can  be  drawn. 

CONCLUSIONS 


1.  The  NBC  Nutrient  solution  was  reported  as  having  more  flavor,  sweetness, 
and  saltiness,  and  was  liked  more  In  comparison  to  the  control  solution. 

2.  Over  time,  subjects  reported  no  change  in  solution  temperature  and  their 
perceptions  of  acceptability,  saltiness,  flavor,  and  sourness  decreased. 
Also,  subjects’  self-reported  hunger  Increased  and  their  thirst,  alertness, 
and  strength  decreased  over  time. 
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3.  Strong  positive  correlations  between  self-reported  alertness  and  self- 
reported  strength  were  found  for  both  the  control  and  the  NBC  solution 
conditions. 

A.  Acceptance  and  tett5)erature  were  Independent  of  the  other  sensory 
attributes  (sweetness,  saltiness,  flavor  Intensity,  and  sourness)  for  both 
the  control  and  the  NBC  solution  conditions,  with  the  exception  of  a 
positive  correlation  between  temperature  and  sourness  for  the  NBC  solution 
condition. 

5.  For  the  control  solution  condition,  sweetness,  sourness,  flavor 
Intensity,  and  saltiness  were  positively  related  to  each  other.  For  the  NBC 
solution  condition,  sweetness  and  flavor  intensity  were  positively  related 
and  sweetness  and  sourness  were  negatively  related. 

6.  Data  from  the  post-test  questionnaire  Including  fluid  acceptance, 
perceived  energy,  and  perceived  psychological  "lift"  provided  by  the  fluid, 
indicated  that  NBC  Nutrient  solution  was  more  favorable  in  comparison  to  the 
control  solution. 
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Table  1.  Pearson  product -moment  correlation  coefficients  for  the  linear 
associations  among  the  dependent  variables  of  self-reported  strength, 
alertness,  thirst  and  hunger  for  the  control  solution  condition. 

Strength  Thirst  Hunger 

Alertness  .94**  .16  -.26 

Hunger  -.26  .10 

Thirst  .23 

**  Two-tailed  significance  at  the  p<0.01  probability  level. 
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Table  2.  Pearson  product -moment  correlation  coefficients  for  the  linear 
associations  among  the  dependent  variables  of  self -reported  strength, 
alertness,  thirst  and  hunger  for  the  NBC  Nutrient  solution  condition. 


Strength  Thirst  Hunger 


Alertness 


.87**  .14  -.13 


Hunger 


-.23  .09 


Thirst 


.22 


**  Two-tailed  significance  at  the  p<0.01  probability  level. 
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Table  3.  Pearson  product-moment  correlation  coefficients  for  the  linear 
associations  among  the  sensory  attributes  of  the  control  solution. 

Flavor 

Temperature  Sourness  Intensity  Saltiness  Sweetness 

Llke/Disllke  .30  .15  .22  .13  .22 

Sweetness  .15  .84**  .74**  .84** 

Saltiness  .17  .88**  .68** 

Flavor  Intensity  .04  .73** 

Sourness  .17 

**  Two-tailed  significance  at  the  p<0.01  probability  level. 
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Table  4.  Pearson  product-moment  correlation  coefficients  for  the  linear 
associations  among  the  sensory  attributes  of  the  NBC  Nutrient  solution. 

Flavor 

Teii5)erature  Sourness  Intensity  Saltiness  Sweetness 

Like/Dislike  -.16  -.13  -.20  .26  -.21 

Sweetness  -.13  -.30**  -.73**  -.08 

Saltiness  -.09  .27  -.16 

Flavor  Intensity  -.01  -.03 

Sourness  .54** 

**  Two-tailed  significance  at  the  p<0.01  probability  level. 
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Self-reported  hunger  ratings  as  a  function  of  time. 
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Self-reported  strength  ratings  as  a  function  of  time. 
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Figure  6.  Perceived  sensory  acceptance  ratings  as  a  function  of  time 
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Figure  1.  Perceived  sweetness  ratings  as  a  function  of  time. 
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Perceived  saltiness  ratings  as  a  function  of  time. 
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Figure  9 .  Perceived  flavor  intensity  ratings  as  a  function  of  time 
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INTEGRATED  SUMMARY 


Fasting  and  exercise  can  decrease  the  performance  of  a  person  attempting 
to  work  for  extended  periods  in  the  heat  (1-A).  Fasting  decreases  physical 
(1-5)  and  mental  (1,6,7)  performance  by  lowering  blood  glucose  levels, 
depleting  muscle  glycogen  stores,  altering  body  fluid  homeostasis,  etc. 
Increased  heart  rates  (3),  nausea,  and  side  pain  (1)  are  other  symptoms  of 
prolonged  fasting.  Prolonged  severe  exercise  in  the  heat  can  lead  to 
hyperthermia  (8,9),  blood  electrolyte  imbalances  (10),  hypoglycemia  (11,12), 
and  depletion  of  muscle  glycogen  (13,14).  Hypohydration  is  a  major  factor 
affecting  performance  and  recovery  from  exercise  (15-17).  Loss  of  more  than 
2%  body  weight  due  to  dehydration  can  decrease  plasma  volume,  increase 
osmolality,  decrease  stroke  volume  and  cardiac  output,  increase  heart  rate. 
Increase  core  temperature,  reduce  sweat  rate,  and  reduce  cutaneous  blood  flow 
(16,18-24).  These  physiological  alterations  can  be  dangerous  for  men  fasting 
and  exercising  in  the  heat. 

Soldiers  in  M0PP4  ensemble  are  vulnerable  to  all  of  the  above  problems. 
They  are  prone  to  the  effects  of  fasting  because  they  cannot  eat  in  M0PP4 
configuration  unless  they  can  find  a  decontaminated  area  and  uncontaminated 
food.  If  a  soldier  can  safely  remove  the  M0PP4  ensemble  every  few  hours, 
then  eating  is  not  a  problem  and  a  nutrient  solution  is  not  needed.  However, 
scenarios  for  Nuclear,  Biological,  and  Chemical  (NBC)  warfare  include  the 
possibility  of  24-hour  contamination  which  would  preclude  removal  of  the 
ensemble.  Wearing  the  M0PP4  ensemble  subjects  a  soldier  to  added  heat 
stress.  The  ensemble  does  not  allow  for  free  heat  transfer  so  the 
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temperature  Inside  the  ensemble  is  approximately  10  degrees  hotter  than  the 
ambient  temperature  (25).  If  it  is  possible  for  the  soldier  to  remain 
inactive  while  in  M0PP4,  then  there  would  be  fewer  problems  with  heat  stress 
and  dehydration.  The  soldier  would  only  need  a  source  of  water  to  prevent 
dehydration  and  would  draw  on  his  body  stores  to  meet  his  energy  needs  for 
the  24-hour  period.  However,  soldiers  vmo  are  in  a  contaminated  environment 
would  nortu'lly  be  engaged  in  some  type  of  survival  or  combat  activity.  A 
very  active  person  would  dehydrate  and  deplete  body  energy  stores  faster  than 
an  inactive  person  and  his  ability  to  perform  physical  activity  would  be 
jeopardized. 

A  NRC  advisory  committee  (1)  recommended  a  nutrient  solution  for  soldiers 
encapsulated  in  M0PP4  for  24  hours,  engaged  in  moderate  activity  (300  watt 
workload),  sweating  about  0.5  liter/hour,  and  working  where  the  WBGT  was 
about  21°C  (70°F).  The  solution  should  contain  carbohydrate  to  prevent 
hypoglycemia  and  ketosi'. .  Sodium  was  included  in  the  solution  to  replace 
about  half  the  amount  *.hat  would  be  lost  at  this  rate  of  sweating. 

In  the  present  study  the  subjects  exercised  at  approximately  400  watts 
(29%  ^02max) ;  were  dressed  in  running  shoes  and  shorts;  exercised  in  a 
climatic  chamber  maintained  at  98°F,  20%  rh,  and  2  mph  wind  speed;  and  were 
forced  to  drink  fluids  to  replace  weight  lost  from  sweating.  This  study  was 
conducted  in  MOPPO  to  separate  out  the  effects  of  the  NBC  Nutrient  solution 
from  the  coiq)llcations  of  wearing  M0PP4  such  as  waste  elimination,  sleep 
deprivation,  face  itch,  etc.  Because  the  soldiers  were  in  MOPPO,  the 
environmental  conditions  and  exercise  rate  were  changed  to  simulate  the 
thermal  stress  of  M0PP4.  Although  the  study  was  designed  for  24  hours,  the 


mean  endurance  time  was  17.1  hours  for  the  NBC  Nutrient  solution  t  'is  i 
16.0  hours  for  the  control  solution  trial.  This  study  could  not  orov 
conclusive  data  after  the  12th  hour  because  of  the  decrease  in  ti. »  numbe. 
subjects  who  were  able  to  continue  participation. 

Under  the  conditions  of  this  study,  water  and  the  NBC  Nutrient  solution 
were  equally  effective  for  the  first  12  hours  in  maintaining  hydration,  heart 
rate,  core  temperature,  skin  temperature,  vigilance,  cognitive  performance, 
and  motor  performance.  The  results  of  this  study  supported  previous  findings 
(9,16-24,26)  that  the  amount  of  fluid  ingested  rather  than  the  composition  of 
the  fluid  was  the  important  factor  in  maintaining  body  temperature  and 
associated  physiological  processes  during  exercise  in  the  heat.  The  results 
also  confirmed  that  there  were  no  psychometric  changes  (1)  in  the  first  12 
hours  of  fasting.  The  data  upheld  the  recommendations  of  the  NRC  committee 
that  water  would  be  sufficient  for  the  first  6  hours  without  a  significant 
degradation  in  physiological  and  psychological  performance  dui'ing  light 
activity  at  a  WBGT  of  21°C  (70®F).  Furthermore,  the  study  provided  evidence 
that  water  could  be  sufficient  for  up  to  12  hours  if  a  meal  had  been  eaten 
prior  to  encapsulation. 

The  carbohydrate  in  the  NBC  Nutrient  solution  did  cause  the  blood  glucose 
levels  to  be  higher  (p<0.05)  than  for  the  control  solution.  This  difference 
was  not  Important  for  the  first  12  hours  since  the  blood  glucose  levels  for 
the  control  solution  trial  did  not  reach  hypoglycemic  levels.  The  higher 
blood  glucose  levels  might  have  been  important  if  tne  subjects  had  been  able 
to  finish  24  hours  of  testing  because  the  levels  for  the  control  trial  were 
decreasing  toward  hypoglycemic  levels.  Since  glucose  is  the  primary  fuel  for 
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the  brain,  low  blood  glucose  can  cause  symptoms  which  might  impair  mental 
function  (1,6,7).  Although  the  differences  between  the  two  solutions  were 
not  significant  (NS),  the  NBC  Nutrient  solution  prevented  the  appearance  of 
ketones  for  up  to  24  hours  for  all  but  two  subjects.  Ketones  generally 
appear^-  in  the  urine  about  12  hours  into  the  study  during  the  control 
solution  trial.  The  effects  of  hypoglycemia  and  ketosis  could  not  be 
examined  in  this  study  because  the  subjects  could  not  finish  24  hours  of 
testing.  The  reasons  for  terminating  participation  in  the  present  study 
would  not  be  applicable  to  a  combat  situation  because  soldiers  would  not 
suffer  from  chafing  from  a  rectal  urobe  or  blisters  from  walking  more  than  20 
miles.  Although  conclusive  evidence  is  not  available  from  this  study,  it  is 
possible  to  speculate  that  the  NBC  Nutrient  solution  may  have  been  more 
effective  than  water  for  the  12-24  hour  time  period. 

The  subjects  in  the  present  study  were  exercising  at  29%  t02max  which 
probably  did  not  deplete  body  glycogen  stores.  At  such  a  low  exercise 
intensity,  fat  stores  are  usually  the  major  source  of  energy  rather  than  the 
glycogen  stores.  The  data  on  blood  free  fatty  acids  and  respiratory  exchange 
ratios  provided  evidence  that  the  subjects  were  relying  heavily  on  fat  for 
energy  during  the  control  solution  trial.  During  the  NBC  Nutrient  solution 
trial  the  subjects  were  probably  utilizing  the  carbohydrate  from  the  solution 
for  energy.  If  the  soldiers  had  been  subjected  to  more  intense  activity, 
then  differences  between  the  two  solutions  might  have  been  more  apparent  on 
the  tests.  However,  the  NBC  Nutrient  solution  was  formulated  for  soldiers 
engaged  in  mode’-ate  activity  because  the  NRC  committee  recognized  that  any 
nutrient  solution  would  be  ineffective  in  counteracting  the  heat  stress 
associated  with  heavy  activity. 
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Providing  glucose  in  dilute  concentrations  prevents  a  hyperosmolar  effect 
and  allows  for  maximal  fluid  delivery  to  the  body  to  prevent  gastro¬ 
intestinal  disturbances  and  dehydration.  The  formulation  of  the  NBC  Nutrient 
solution  is  excellent  because  it  balances  nutrients  and  fluid  to  prevent  the 
gastro-intestinal  disturbances  and  dehydration.  Solid  food  would  preclude 
these  problems.  However,  carrying  around  and/or  obtaining  sufficient  amounts 
of  the  premixed  NBC  Nutrient  solution  or  solid  food  could  cause  logistical 
problems.  A  concentrated  liquid  nutrient  solution  that  would  contain  a  day’s 
worth  of  nutrients  in  one  small  squeeze  package  would  solve  the  logistical 
problems.  The  soldier  would  eat  a  small  amount  of  the  concentrated  nutrients 
and  would  drink  water  from  his  canteen.  Providing  a  concentrated 
hyperosmolar  solution  could  cause  problems  if  sufficient  fluids  were  not 
available  and  consumed  in  a  timely  fashion  to  dilute  the  concentrated 
nutrients.  Any  method  of  providing  nutrients  to  a  soldier  in  M0PP4  would 
cause  some  logistical  and  operational  problems  but  every  effort  should  be 
made  to  provide  nutrients  to  the  soldier  to  prolong  hi"?  ability  to  work. 

The  NBC  Nutrient  solution  was  effective  in  improving  mood  and  lessening 
symptom  intensity  after  6  hours  of  exercise  in  the  heat.  The  subjects  did 
not  seem  to  be  indiscriminately  reporting  higher  levels  of  symptomatology  and 
mood  distress  in  the  control  trial.  There  were  no  significant  differences 
between  the  two  solutions  and  over  time  on  cognitive,  motor  performance,  and 
vigilance  tests  under  the  conditions  of  this  study.  The  subjects  generally 
performed  better  on  the  psychological  tests  while  drinking  the  NBC  Nutrient 
solution  but  no  conclusions  could  be  drawn  because  of  the  small  number  of 
subjects  that  continued  on  to  the  18th  and  2Ath  hours.  The  difference 
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between  the  two  solutions  might  not  have  been  noticeable  because  the  subjects 
were  dropping  out  of  the  study  prior  to  the  onset  of  hypoglycemia  and  just  as 
ketosis  was  developing. 

The  NBC  Nutrient  solution  tended  to  be  more  acceptable  (p<0.01)  and  the 
subjects  consumed  more  of  this  fluid  even  though  the  difference  was  not 
significant.  Previous  research  showed  that  subjects  tended  to  voluntarily 
dehydrate  when  allowed  to  drink  ad  libitum  (16,27).  The  higher  acceptability 
ratings  of  the  NBC  Nutrient  solution  might  improve  fluid  intake  over  that  of 
water  and  therefore  the  ability  to  maintain  hydration  in  soldiers  who  are  not 
being  forced  to  drink. 

The  delay  in  appearance  of  ketones,  higher  blood  glucose  levels, 
improvement  in  mood,  decrease  in  symptom  intensity,  higher  acceptability 
ratings,  and  the  tendency  for  better  performance  on  the  vigilance,  cognitive 
and  motor  performance  tests  indicated  that  the  NBC  Nutrient  solution  was  of 
some  benefit  to  the  soldier.  However,  the  results  of  this  study  did  not 
indicate  a  clear  superiority  of  the  NBC  Nutrient  solution  ever  plain  water 
when  consumed  in  amounts  adequate  to  replace  fluid  loss.  This  study  showed 
that  under  conditions  of  forced  fluid  consumption,  water  would  be  sufficient 
for  12  hours.  This  study  did  not  provide  reliable  data  for  the  time  period 
after  17  hours  and  was  not  designed  to  determine  the  effects  of  ad  libitum 
consumption  of  fluids.  These  conditions  should  be  tested  in  a  study 
specifically  designed  to  evaluate  long  term  ad  libitum  consumption  of  the  NBC 
Nutrient  solution  during  prolonged  work  in  the  heat. 

The  present  study  was  not  designed  to  address  the  issue  of  whether  the 
NBC  Nutrient  solution  might  be  more  effective  than  water  in  maintaining  the 


168 


physiological  and  psychological  status  of  a  soldier  encapsulated  in  MOPPA. 

This  study  was  designed  for  the  subjects  to  exercise  in  MOPPO  in  order  to 
conq)are  the  NBC  Nutrient  solution  to  water  without  waste  elimination,  sleep 
deprivation,  face  itch,  etc.  interfering  with  the  data.  As  discussed  in  the 
section  on  Self-Reported  Symptoms  and  Mood,  it  would  be  difficult  to 
generalize  to  soldiers  encapsulated  in  M0PP4  from  soldiers  in  running  shoes 
and  shorts  because  they  did  not  experience  all  the  same  problems.  This  study 
was  not  designed  to  answer  questions  about  the  effects  of  encapsulation  in 
MOPPA  on  physiological  and  psy  hological  tests.  This  study  was  designed  to 
determine  if  the  contents  of  the  NBC  Nutrient  solution  would  enhance 
performance  con^ared  to  water  and  it  showed  that  when  water  was  forced,  water 
was  as  effective  as  the  NBC  Nutrient  solution  for  the  first  12  hours. 
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GENERAL  CONCLUSIONS 


The  results  of  this  study  generally  suggest  that  provision  of  the  NBC 
Nutrient  solution  as  a  hydrating  beverage  for  work  in  the  heat  provides 
little  advantage  over  water  during  the  first  12  hours  of  fasting.  These 
results  are  based  on  soldiers  working  at  about  400  watts  (29%  ^02inax),  at  a 
WBGT  of  21°C  (70°F),  sweating  at  0.5  liters/hour,  and  consuming  a  light  meal 
prior  to  the  start  of  the  fast.  This  study  showed  that  soldiers  could 
perform  their  duties  effectively  for  up  to  12  hours  while  drinking  water 
alone,  however,  providing  the  NBC  Nutrient  solution  significantly  improved 
mood  and  lowered  self-reported  symptom  Intensity  after  6  hours.  This  study 
was  designed  to  examine  the  effects  of  the  NBC  Nutrient  solution  for  24  hours 
but  conclusions  for  the  period  from  12-24  hours  were  unreliable  because  too 
many  subjects  were  dropping  out  of  the  study  because  of  extraneous  problems 
such  as  foot  blisters. 

PHYSIOLOGICAL: 

1.  Fluid  balance  and  body  weight  data  showed  that  the  subjects  were  fairly 
well  hydrated  but  some  weight  loss  did  occur  (1.35%  NBC,  1.98%  control). 

2.  Both  solutions  were  effective  in  maintaining  hydration  as  indicated  by 
the  clinical  chemistries.  Statistically  significant  differences  were  found 
in  several  variables,  however  most  differences  remained  in  the  clinically 
normal  range. 

3.  The  NBC  Nutrient  solution  provided  no  theruwregulatory  or  cardiovascular 
advantage  over  the  control  solution.  There  were  no  significant  differences 
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between  the  two  solutions  for  rectal  temperature,  skin  temperature,  heart 
rate,  metabolic  rate,  and  svfeating  rate. 

A.  The  difference  in  endurance  time  for  the  two  solutions  was  not 
significant. 

5.  The  blood  glucose  levels  for  the  NBC  Nutrient  solution  trial  were 
significantly  higher.  However,  blood  glucose  levels  for  both  solutions 
remained  within  normal  physiological  levels. 

6.  The  NBC  Nutrient  solution  delayed  the  appearance  of  urinary  ketones 
compared  to  the  control  solution  but  the  difference  was  not  statistically 
significant. 

PSYCHOLOGICAL: 

7.  After  6  hours,  the  subjects  drinking  the  NBC  Nutrient  solution 
experienced  significantly  lower  symptom  intensity  and  Improved  mood. 

8.  The  acceptability  of  the  NBC  Nutrient  solution  was  significantly  higher 
than  the  control  solution.  Preference  for  both  solutions  decreased 
significantly  over  time. 

9.  Performance  on  the  cognitive,  motor,  and  vigilance  tests  was  not 
significantly  different  between  the  two  solutions. 
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RECOMMENDATIONS 


The  following  recommendations  are  based  on  data  collected  from  twelve 
subjects  (data  from  subject  #6  were  excluded  from  some  of  the  tests)  who  were 
working  at  AOO  watts  and  sweating  at  0.5  liters /hour.  The  subjects  were  not 
encapsulated  in  any  MOPP  ensemble  but  the  environmental  conditions  were 
controlled  to  simulate  the  thermal  stress  of  M0PP4  at  a  WBGT  of  21°C  (70°F). 
The  study  was  designed  to  test  two  solutions  for  24  hours  but  mean  endurance 
time  was  17.1  hours  for  the  NBC  Nutrient  solution  and  16.0  hours  for  the 
control  solution  (colored  and  flavored  water).  Therefore,  these 
recommendations  should  be  interpreted  carefully  because  the  results  of  this 
test  were  equivocable  after  the  first  12  hours. 

1.  Further  exercise-heat  scenario  laboratory  studies  testing  the  NBC 
solution  for  the  first  12  hours  of  fasting  are  not  recommended  since  the 
results  of  this  study  indicate  that  water  is  as  effective  as  the  NBC  Nutrient 
solution  in  maintaining  physiological  and  psychological  performance  during 
that  period  of  time. 

2.  Recommend  a  study  to  test  the  acceptability  of  the  NBC  Nutrient  solution 
in  a  MOPPO  hot  field  training  environment.  The  acceptance  ratings  indicated 
that  the  NBC  Nutrient  solution  was  preferred  over  the  control  solution  and 
thus  a  higher  voluntary  consumption  rate  of  the  NBC  Nutrient  solution  might 
be  predicted. 

3.  If  the  NBC  Nutrient  solution  is  more  acceptable  than  water,  then  a  study 
of  the  effects  of  ad  libitum  ingestion  of  the  NBC  Nutrient  solution  on 
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physiological  and  psychological  indices  in  a  simulation  of  the  thermal  stress 
of  M0PP4  would  he  recommended.  The  design  of  the  present  study  orecluded 
examination  of  the  effect  of  the  NBC  Nutrient  solution  on  voluntary 
hydration.  Under  the  theoretical  situation  of  an  increased  acceptability  and 
consun5)tion  rate  of  the  NBC  Nutrient  solution,  the  significant  differences 
noted  in  the  present  study  (higher  blood  glucose,  lower  ketones,  lowered 
syn5>tom  intensity,  and  Improved  mood)  might  combine  to  enhance  certain 
aspects  of  psychological  and  physical  performance. 

A.  A  study  to  compare  the  effects  of  the  NBC  Nutrient  solution  to  water  when 
ketosis  has  developed  and  blood  glucose  levels  are  dropping  is  recommended. 
This  study  should  be  conducted  under  conditions  that  simulate  the  thermal 
stress  of  the  M0PP4  configuration  but  excludes  the  complications  of  wearing 
the  MOPP  ensemble. 

5.  Testing  should  be  conducted  on  other  nutritional  products  which  might  aid 
the  soldier  in  the  field.  A  possible  alternative  to  the  NBC  Nutrient 
solution  might  be  a  tube  of  concentrated  nutrients  which  would  replenish 
glycogen  and  electrolyte  losses.  The  liquid  nutrients  would  be  ingested  in 
small  frequent  doses  during  the  day  so  as  not  to  cause  hyperosmolar  problems. 
Water  from  the  canteen  would  be  used  for  fluid  replacement. 

6.  If  any  of  the  above  tests  in  MOPPO  show  that  the  NBC  Nutrient  solution  is 
more  effective  than  water  in  maintaining  physiological  and  psychological 
indices,  then  a  study  in  M0PP4  is  recommended.  This  study  should  determine 
wliether  all  the  interacting  variables  of  M0PP4  configuration  would  enhance  or 
suppress  the  effectiveness  of  the  NBC  Nutrient  solution. 
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7.  Based  on  the  results  of  this  study,  the  formulation  for  the  NBC  Nutrient 
solution  does  not  need  to  be  changea.  However,  the  literature  suggests  that 
glucose  polymers  would  be  a  better  source  of  glucose.  The  subjects  did  not 
report  problems  with  the  NBC  Nutrient  solution  but  fructose  has  been 
associated  with  gastro-intestinal  distress. 
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CONCLUSIONS  AND  RECOMMENDATIONS  ARISING  FROM 
A  WORKSHOP,  HELD  JUNE  3-4,  19«2,  TO  DETERMINE 
NUTRITIONAL  REQUIREMENTS  OF  MILITARY  PERSONNEL  IN  PROTECTIVE  CLOTHING 


Committee  od  Nutritional  Requirements  In  Protective  Clothing 
Food  and  Nutrition  Board 
Commission  on  Life  Sciences 
National  Research  Council 
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The  Comaittee  on  Nutritional  Requireoents  in  Protective  Clothing  was 
established  to  recomnend  nutrient  solutions  that  vould  be  most  suitable  to 
sustain  military  personnel  who  had  responded  to  a  nuclear,  biological,  or 
chemical  attack  by  putting  on  protective  clothing.  It  is  assumed  that  such 
solutions  would  be  ingested  through  a  gas  mask  drinking  tube.  Ihe  solutions 
recommended  below  are  not  designed  to  meet  ongoing  nutrient  needs  but,  rather, 
to  allow  the  individual  to  function  for  6  to  24  hours,  drawing  primarily  on 
existing  body  nutrient  stores.  They  would  not  provide  optimal  or  even 
desirable  levels  of  nutrients  for  repeated,  consecutive  24-hour  periods. 
However,  the  Committee  Intends  that  the  suggested  formulation  should  not  only 
meet  the  minimum  requirements  for  survival,  but  also  be  sufficient  to  maintain 
the  highest  practicable  level  of  mental  and  physical  performance  of  the  troops 
wearing  the  protective  gear.  Because  the  adoption  of  the  Committee’s 
recommendations  will  result  in  a  negative  balance  for  many  nutrients  over  the 
24“hour  period,  it  is  desirable  that  the  personnel  be  returned  to  normal 
military  rations  as  soon  as  practicable.  The  Committee  recognizes  that  high 
environmental  temperatures  and/or  a  heavy  workload  may  still  produce  heat 
illness  despite  achievable  rehydratlon  and/or  electrolyte  replacement. 

The  Committee  members  are  in  agreement  that  a  suitable  nutrient  solution 
must  counter  losses  of  certain  nutrients,  primarily  water  and  electrolytes. 
For  periods  of  24  hours  or  less,  however,  they  see  no  need  to  supply  protein, 
amino  acids,  fat,  fatty  acids,  or  nicronutrlents,  l.e..  Iron,  zinc,  copper, 
manganese,  trace  minerals,  or  vitamins. 


It  Is  not  necessary  to  supply  calories  during  the  first  6  hours,  but  they 
should  be  provided  thereafter.  Although  carbohydrates  need  not  be  the  sole  o) 
principal  source  of  these  calories,  they  do  have  certain  advantages:  they 
eliminate  ketosis,  councercct  continuous  hypoglycemia,  are  palatable,  and  do 
not  obligate  urinary  water  loss.  In  contrast,  fat  Is  Inadvisable  because  It 
is  ketogenlc  and  delays  gastric  emptying.  Another  possible  source  Is  amino 
acids,  but  they  have  a  drawback  In  that  they  Induce  Increased  urinary  water 
loss  because  of  the  conversion  of  their  nitrogen  moiety  to  urea.  By 
exclusion,  therefore,  carbohydrates  should  be  the  main  source  of  calories. 

For  Individuals  performing  sedentary  work  In  a  temperate  envlronment^e.g. , 
15.6®C  (60°F  WBGT^ )  but  wearing  protective  clothing— which  Is  equivalent 
to  adding  6®C  (10°F) — the  Committee  recommends  that  access  to  1  llter^ 
of  water  be  ""ovlded  during  the  first  6  hours  and  that  an  additional  liter 
should  be  accessible  over  the  ensuing  18  hours.  This  recommendation  follows 
the  still  valid  work  of  Adolph  (1947)^  and  Is  consistent  with  current  Army 
policy.  Because  the  work  Is  sedentary  and  the  environment  temperate, 
consumption  of  this  amount  of  water  Is  not  mandatory  but  is  desirable. 

In  a  "worst  case"  situation,  l.e.,  a  WBGT  of  27°C  (8U®F) —  which  Is 
roughly  equivalent  to  33°C  (90°F)  because  of  the  protective  clothing— and 


1  WBGT“Wet  bulb  globe  temperature. 

2  Volumes  specified  as  liters  are  approximate.  The  provision  of  1  U.S. 

quart  (l.e.,  one  full  canteen)  in  lieu  of  each  liter  specified  is 
considered  an  adequate  equivalent  to  one  liter. 

2  Adolph,  E.F.  1947.  Physiology  of  Man  in  the  Desert.  Interscience 
Publishers,  New  York,  347  pp. 
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a  heavy  workload  of  500  Watts  (A50  kcal/hour),  studies  have  shown  that 
casualties  from  heat-related  disorders  will  reach  approximately  502  within  1 
hour.  This  casualty  rate  cannot  be  reduced  by  any  replacement  solution, 
however  formulated,  because  performance  of  individuals  wearing  protective 
clothing  of  current  design,  under  such  conditions,  is  limited  by  heat  stress 
that  cannot  be  counteracted  by  water  or  other  nutrient  replacement. 

In  an  Intermediate  situation,  i.e.,  a  moderate  workload  of  300  Watts  (250 
kcal/hour)  performed  in  a  WBGT  of  21®C  (70®F),  water  loss  for  wearers  of 
protective  gear  will  be  approximately  3  liters  during  the  first  6  hours. ^ 

In  the  ensuing  18  hours  of  continued  activity  at  the  same  work  rate,  an 
additional  9  liters. will  be  lost.  For  the  first  6  hours,  the  water  in  the  two 
routinely  carried  canteens  will  suffice  as  the  replacement  solution,  and  at 
least  both  canteens  should  be  consumed.^  A  nutrient  solution,  made 
available  after  the  first  6  hours,  should  be  consumed  at  a  rate  of  2  liters 
per  6<-hour  period,  i.e.,  a  total  of  6  additional  liters  in  the  ensuing  18 
hours.  Each  6  liters  of  this  solution  sliould  contain  a  minimum  of  500  kcal 
and  should  approach  a  maximum  of  250  mEq  sodium  (Wa^)  and  225  n£q  chloride 
(Cl“),  i.e.,  approximately  42  mEq  Na"*”  aid  38  mEq  Cl”  per  liter  since  the 
concentration  of  sodium  in  sweat  is  related  to  the  chloride  corcentration,^ 


^  Actual  losses  will  vary  depending  upon  several  factors  including  in¬ 
dividual  body  weight 

^  The  Committee  recognized  that  dehydration  exceeding  approximately  52  of 

total  body  weight  could  seriously  decrease  the  operational  performance  of 
personnel;  however,  continuance  of  normal  urine  output  could  compromise 
the  protection  afforded  by  the  garment  against  chemical  agents.  Hence, 
the  Committee  recommends  replacing  approximately  two-thirds  of  liquid 
losses. 

^  Robinson,  S.  1954.  Chemical  composition  of  sweat.  PJiysiol.  Rev.  34: 
202-219. 
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i.e«,  [Ka'^J  "  1.12  [Cl~J  3  ^q.  This  Daximum  is  based  on  a  24-hour 
sveat  loss  of  approximately  500  oEq  Na*^  and  a  50%  replacement.  Losses  will 
range  between  means  of  approximately  25  and  75  oEq  Na’ /liter  iwsst; 
depending  upon  previous  diet,  acclimatization,  and  other  factors.  Wl'.en  WBGT 
exceeds  21*^0  (70®F)  and/or  workload  exceeds  '.50  kcal/hour,  more  than  2 
liters  of  this  solution  should  be  consumed  during  each  6~hour  period. 

*  The  fluid  should  not  exceed  310  mosuol/liter  to  ensure  palatability  ana 
efficient  gastric  emptying.  However,  the  above**noted  requirements  could  b.: 
met  with  a  solution  of  approximately  150  cosmol/llter ,  which  the  Committee 
recommends  because  such  a  formulation  would  provide  more  free  water  to  the 
dehydrated'  personnel.  Since  the  No'*‘  and  Cl”  provide  about  80 
Qosmol/liter,  approximately  70  mosmol/llter  (shelf-osmolarity)  should  be 
provided  as  carbohydrate  such  as  glucose  and/or  sucrose  and/or  digestible 
glucose  polymers. 

It  is  not  necessary  that, the  solution  provide  magnesium,  phosphorus,  or 
calcium.  Because  of  the  dehydration  and  low  urine  output,  the  Committee  does 
not  recommend  that  potassium  be  provided  in  the  solution  as  a  nutrient. 
Inclusion  of  potassicm  and  phosphorus  (as  phosphate)  for  nonnutrlet.t  purposes 
is  discussed  below. 

Wheii  formulating  such  solutions,  any  additions  of  preservatives,  or  other 
materials  must  meet  the  above  guidelines.  The  inclusion  of  potassium  is  not 
precluded,  but  its  presence  should  not  exceed  3  mEq/liter.  Phocphate  should 
not  exceed  5  mEq/liter.  There  is  reason  for  concern  about  adding  potassium 
and  phosphate:  the  personnel  will  be  in  negative  caloric  balance  and  working 
resulting  in  the  mobilization  of  potassium  and  phosphate  from  storage.  As 
dehydra  *.on  progresses,  urine  output  decreases.  Consequently,  the  plasma 


7 

concentrations  of  these  elements  are  not  reduced  . 
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As  a  first  step  iu  evaluation  of  these  recommendations,  the  Army  medical 
staff  should  consider  the  extent  to  which  the  resultant  upper  level  of 
dehydration  (approximately  5%  at  the  end  of  24  hours)  Is  likely  to  Influence 
operational  effectiveness.  To  evaluate  Its  benefits  to  operational 
effectiveness,  the  effects  of  tne  specific  formulation  recommended  here  should 
then  be  compared  to:  (1)  no  liquid;  (2)  water  alone;  and  (3)  a  closed  system 

P 

complete  diet,  given  to  both  acclimatized  and  nonaccllmatlzed  volunteers 
in  a  climatic  chamber/laboratory.  Similar  comparisons  should  also  be 
conducted  under  field  conditions. 


^  Knochel,  J.P.,  L.Nr-Dotin,  and  R.J.  Hamburger.  1972.  Pathophysiology  of 
intense  physical  conditioning  In  a  hot  climate.  I.  The  mechanisms  of 
potassium  depletion.  J.  Clin.  Invest.  31:  242''245;  Knochel,  J.P.,  and 
E.li.  Schleln.  1972.  On  the  mechanism  of  rhabdouyoiysis  and  potassium 
depletion.  J.  Clin.  Invest,  51:1750-1758;  and  Knochel,  J.P.  1974. 
Environmental  heat  Illness.  Arch.  Int.  ned.  133:841-864. 

®  The  closed-system  complete  diet  should  provide  the  Hecomuended  Dietary 

Allowance  for  all  essential  nutrients,  and  could  resemble  the  complete 
liquid  formula  diets  in  c.'rrent  clinical  use. 
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NBC  NUTRIENT  SOLUTION  POWDER  FORMULA 


INGREDIENTS 

Haiti  Dextrin-A2 

eJI 

10.3960 

9.8075 

Fructose 

14.4372 

13.6200 

Aspartame 

0.1060 

0.1000 

Salt 

1.3250 

1.2500 

Citric  acid 

2.6500 

2.5000 

Trlcalclum  phosphate 

0.3890 

0.3670 

Sodium  benzoate 

0.2120 

0.2000 

LL  Flavor  Fries  &  Fries  88481 

0.0636 

0.0600 

LL  Flavor  Fries  &  Fries  88484 

0.0424 

0.0400 

LL  Flavor  Fries  &  Fries  80523 

0.0530 

0.0500 

FDC  Yellow  color  #5 

0.0016 

0.0015 

Lime  shade  McCormick  C00266 

0.0042 

0.0040 

Total  grains 

29.6800 

28.0000 

Per  6  liters: 

562  kcal 

2.34%  CHO  (148.8  g  CHO) 

145  mEq  Na'*' 

Per  1  liter: 

93.7  kcal 

2.34%  CHO  (24.8  g  CHO) 

24.1  mEq  Na+ 

Osmolality  -  154-177  mOsm/kg 
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CONTROL  SOLUTION 


g/1 

g/qt 

LL  Flavor  Fries  &  Fries 

88481 

0.0636 

0.0600 

LL  Flavor  Fries  &  Fries 

88484 

0.0424 

0.0400 

LL  Flavor  Fries  &  Fries 

80523 

0.0530 

0.0500 

FDC  Yellow  color  //5 

0.0016 

0.0015 

Lime  shade  McCormick  C00266 

0.0042 

0.0040 
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NBC  NUTRIENT  SOLUTION  SCHEDULE 
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NBC  NUTRIENT  SOLUTION  SCHEDULE 
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>-  w 
<  " 

il.  <N 


tr> 

oc 

X 


(A 


a> 


0:5 

UJ  < 


A 


1 

1 

> 

J  ►“ 

CO 

> 

< 

a 

CO  t 

0  til 
0 

Ul 

tt  £ 

«N  OS 

</) 

6^-x 

< 

X 

a. 

r-  <N 

8  H-  S 

</) 

!• 

o 

o. 

a> 

(X 


a> 

(/) 

0) 

.2 

In' 

3 

(/> 


•o 

c 

(0 


o 

u 

c 

m 

a 

a> 

u 

u 

< 


8 

u. 

il 

V) 

U) 

< 


A 


>- 

< 

O 


(/) 

2  « 


UJ 


>  in 

>  <N 


a: 

X 


h* 

V) 

UJ 

H* 


15 

:a: 

I  ^ 


=  >- 

III  ^  I- 

0.  5S 


t: 

o 

Q. 

V 

OC 


v> 

w 


E  E 


w  (ft  o  in  in 

8  :ri_u)E(n 

N.  5  00  >  <  u  < 

o  </)  o  K  u.  <  u. 


•o 

c 

o 

u 


u 


QC 

U 

< 


TCR=Tropic  Conditioning  Room  CAMP— Cognitive  And  Motor  Performance  tests 

TWT=Tropic  Wind  Tunnel  Mood=Self-Reported  Symptoms  and  Mood  States 
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24-HR  HEAT  TEST  SCHEDULE 


Study  day 

05A5  Collect  urine  as  soon  as  awaken 

8  subjects  report  to  climatic  chamber 
Breakfast  provided  to  test  subjects 
Change  into  shorts  and  sneakers 
Weighed  nude 

Skin  temperature  harness  attached 
Rectal  temperature  probe  attached 
Heart  Rate  Monitor  attached 
Catheter  inserted 

Pre-test  blood  drawn  after  standing  20  min 
Blood  PU 

07A5  Enter  Chamber 

Weighed  with  all  equipment 
Hooked  up 

0750  Stand  for  10  minutes 

Canteen  received 

Food  Acceptance  &  Subjective  Self-Reports  (FASS)  Testing  (2  Min) 


0800  Start  Treadmill  walking/drink 
0830  Metabolic  Bag 

08A5  Stop  Treadmill 

Weighed  w/all  equipment /Fluid  recorded 
0855  Cognitive  &  Motor  F  ormance  (CAMP)  testing/no  drinking 
0910  Rest/bathroom/drink  to  make  up  weight  loss/change  socks 

Weighed  w/all  equipment /Fluid  recorded 
0925  Hooked  up 

Urine  Pick  up 

0930  Start  Treadmill/Drink 

09A5  Stop  Drinking 

1000  Blood  Drawn 

Blood  PU 

1015  Stop  Treadmill 

Weighed  w/all  equipment/Fluid  recorded 
1025  CAMP  testlng/no  drinking 

lOAO  FASS  testing/Drink 

Receive  new  canteen 

10A2  Rest /bathroom/ drink  to  make  up  weight  loss /change  socks 

Weighed  w/all  equipment/Fluid  recorded 
1055  Hooked  up 

Urine  pick  up 

1100  Start  Treadmill/Drink 

1130  Metabolic  Bag 

11A5  Stop  Treadmill 

Weighed  w/all  equipment/Fluid  recorded 
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1155  CAMP  Testing/no  drinking 

1210  Mood  Questlonnaire/No  Drinking 

1225  Rest/bathroom/drink  to  make  up  weight  loss/change  socks 

Weighed  w/all  equipment/Fluld  recorded 
1225  Hooked  up 

Urine  pick  up 

1230  Start  Treadmill/Drink 

12A5  Stop  Drinking 

1300  Blood  Drawn  for  Hydrational  &  Nutritional  Assessment 

Blood  FU 

1315  Stop  Treadmill 

Weighed  w/all  equipment /Fluid  recorded 
1325  Vigilance  testlng/no  drinking 

1350  FASS  testing/Drlnk 

Receive  canteen 

1352  Rest/bathroom/drink  to  make  up  weight  loss/change  socks 
Weighed  w/all  equipment/Fluld  recorded 

1355  Hooked  up 

Urine  pick  up 

lAOO  Start  Treadmlll/Drlnk 

Metabc!'  ic  Bag 
1AA5  Stop  Treadmill 

Weighed  w/all  equipment /Fluid  recorded 

1A55  CAMP  testlng/no  drinking 

1510  Rest/bathroom/drink  to  make  up  weight  loss/change  socks 

Weighed  w/all  equipment /Fluid  recorded 

1525  Hooked  up 

Urine  pick  up 

1530  Start  Treadmill/Drink 

15A5  Stop  Drinking 

1600  Blood  Drawn 

Blood  PU 

1615  Stop  Treadmill 

Weighed  w/all  equipment /Fluid  recorded 

1625  CAMP  testing/no  drinking 

16A0  FASS  testlng/Drink 

Receive  canteen 

16A2  Rest/bathroom/drink  to  make  up  weight  loss/change  socks 
Weighed  w/all  aquipment/Fluid  recorded 

1655  Hooked  up 

Urine  pick  up 

1700  Start  Treadmill/Drink 

1730  Metabolic  Bag 

17A5  Stop  Treadmill 

Weighed  w/all  equipment/Fluld  recorded 

1755  CAMP  testlng/no  drinking 

1810  Mood  Questlonnaire/No  Drinking 
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1825  Rest /bathroom/dr ink  to  make  up  weight  loss/change  socks 
Weighed  w/all  equipment/Fluid  recorded 
Hooked  up 
Urine  pick  up 

1830  Start  Treadmill/Drink 

1845  Stop  drinking 

1900  Blood  Drawn  for  Hydrational  and  Nutritional  Assessment 

Blood  PU 

1915  Stop  Treadmill 

Weighed  w/all  equipment /Fluid  recorded 
1925  Vigilance  testlng/no  drinking 

1950  FASS  questlonnalre/Drink 

Receive  canteen 

1952  Rest/bathroom/drink  to  make  up  weight  loss/change  socks 

Weighed  w/all  equipment /Fluid  recorded 
1955  Hooked  up 

Urine  Pick  Up 

2000  Start  Treadmill/Drink 

2030  Metabolic  Bag 

2045  Stop  Treadmill 

Weighed  w/all  equipment /Fluid  recorded 
2055  CAMP  testing/no  drinking 

2110  Rest/bathroom/drink  to  make  up  weight  loss /change  socks 

Weighed  w/all  equipment/Fluid  recorded 
2125  Hooked  up 

Urine  Pick  Up 

2130  Start  Treadmill/Drink 

2145  Stop  Drinking 

2200  Blood  Drawn 

Blood  PU 

2215  Stop  Treadmill 

Weighed  w/all  equipment/Fluid  recorded 
2225  CAMP  testing/no  drinking 

2240  FASS  testlng/Drlnk 

Receive  canteen 

2242  Rest/bathroom/drink  to  make  up  weight  loss /change  socks 

Weighed  w/all  equipment/Fluid  recorded 
2255  Hooked  up 

Urine  Pick  Up 

2300  Start  Treadmill/Drink 

2330  Metabolic  Bag 

2345  Stop  Treadmill 

Weighed  w/all  equipment/Fluid  recorded 
2355  CAMP  testing/no  drinking 

0010  Mood  Questionnaire/No  Drinking 

0025  Rest/bathroom/drink  to  make  up  weight  loss/change  socks 

Weighed  w/all  equipment/Fluid  recorded 
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0025  Hooked  up 

Urine  Pick  Up 

0030  Start  Treadmill/Drink 

00A5  Stop  Drinking 

0100  Blood  Drawn  for  Hydratlonal  and  Nutritional  Assessment 

Blood  PU 

0115  Stop  Treadmill 

Weighed  w/all  equipment /Fluid  recorded 
0125  Vigilance  Testlng/no  drinking 

0150  PASS  questionnalre/Drink 

Receive  canteen 

0152  Rest/bathroom/drlnk  to  make  up  weight  loss/change  socks 
Weighed  w/all  equipment /Fluid  recorded 
0155  Hooked  up 

Urine  Pick  Up 

0200  Start  Treadmill/Drink 

0230  Metabolic  Bag 

0245  Stop  Treadmill 

Weighed  w/all  equipment/Fluld  recorded 
0255  CAMP  testing/no  drinking 

0310  Rest/bathroom/drink  to  make  up  weight  loss/change  socks 

Weighed  w/all  equipment/Fluid  recorded 
0325  Hooked  up 

Urine  Pick  Up 

0330  Start  Treadmill/Drink 

0345  Stop  Drinking 

0400  Blood  Drawn 

Blood  PU 

0415  Stop  Treadmill 

Weighed  w/all  equipment/Fluid  recorded 
0425  CAMP  testlng/no  drinking 

0440  PASS  testing/Drlnk 

Receive  canteen 

0442  Rest/bathroom/drink  to  make  up  weight  loss/change  socks 

Weighed  w/all  equipment/Fluid  recorded 
0455  Hooked  up 

Urine  Pick  Up 

0500  Start  Treadmill/Drink 

0530  Metabolic  Bag 

0545  Stop  Treadmill 

Weighed  w/all  equipment/Fluid  recorded 
0555  CAMP  testlng/no  drinking 

0610  Mood  Questlonnaire/No  Drinking 

0625  Rest/bathroom/drink  to  make  up  weight  loss/change  socks 

Weighed  w/all  equipment/Fluid  recorded 
0625  Hooked  up 

Urine  Pick  Up 
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0630  Start  Treadmlll/Drlnk 

0645  Stop  Drinking 

0700  Blood  Drawn  for  Nutritional  and  Hydrational  Assessment 

Blood  PU 

0715  Stop  Treadmill 

Weighed  w/all  equipment /Fluid  recorded 

0725  Vigilance  testing/no  drinking 

0750  PASS  questionnalre/Drink 

Receive  canteen 

0752  Rest /bathroom/ drink  to  make  up  weight  loss 

Weighed 

0800  Mood  exit  Interview  or  as  soon  as  drop  out  of  test 
Urine  Pick  Up 

0900  FINISHED  with  Heat  Stress  Test!! I 
EAT! ! 

1000  Exercise  Post  Test  (if  completed  24  hours) 

1400  FINISHED!!!! 
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MEDICAL  MONITOR  REPORT  FOR  THE  NBC  NUTRIENT  SOLUTION  STUDY. 


Test  subjects  were  exposed  to  heat  and  humidity  stresses  for  s  24-hour 
work  period,  and  their  physical  and  mental  performances  were  measured  during 
the  24-hour  work  period  of  walking  and  test  taking.  During  the  24-hour  work 
period,  test  subjects  were  given  only  fluids.  The  fluids  consisted  of  either 
a  flavored  water  without  nutritional  caloric  value  or  an  electrolyte  solution 
containing  a  sugar.  Each  test  subject  participated  in  two  different  24-hour 
work  periods,  and  received  the  flavored  water  during  one  24-hour  work  period 
and  the  electrolyte  and  sugar  solution  during  the  other  24-houi.  work  period. 
All  24-hour  work  periods  were  preceded  by  training  periods  during  ;4iich  the 
test  subjects  became  physiologically  acclimated  to  the  physical  work  loads 
and  mentally  skilled  at  test  taking  under  the  heat  and  humidity  stresses  of 
the  study. 

All  test  subjects  had  received  a  complete  physical  examination  with 
medical  history  and  review  of  systems  within  a  year  prior  to  participation  in 
the  study  and  had  had  no  significant  intercurrent  illnesses  between  their 
last  physical  exam  and  the  time  of  the  study. 

With  the  exception  of  one  test  subject,  none  of  the  test  subjects  had 
ever  experienced  heat  injury  of  any  degree  of  severity.  Test  subject  //5 
reported  that  in  1984  he  had  suffered  heat  injury  which  had  resulted  in  a 
loss  of  consciousness,  and  the  administration  of  intravenous  solutions  with 
immersion  of  test  subject  #5  in  an  ice  bath  as  part  of  the  resuscitation 
effort.  He  has  not  had  a  subsequent  heat  injury  despite  recurrent  exposure 
to  conditions  of  heat  and  humidity. 
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Baseline  laboratory  studies  were  done  prior  to  the  study  and  no 
significant  abnormalities  were  found  which  would  preclude  participation  in 
the  study.  Further  medical  work  up  was  initiated  for  significant 
abnormalities  found  during  review  of  medical  records  or  as  a  result  of 
laboratory  testing. 

During  the  periods  of  acclimation,  there  were  no  medical  problems.  These 
acclimation  periods  generally  lasted  about  2  hours. 

During  the  2A-hour  work  periods,  several  minor  medical  problems 
developed,  which  contributed  to  reduced  work  performance  in  some  cases. 
However,  these  medical  problems  resolved  without  sequelae  over  the  subsequent 
2  -  A  days  after  the  2A-hour  work  period.  Each  of  these  problems  will  be 
discussed  below  under  numbered  paragraphs. 

(1)  There  was  a  theoretical  concern  that  hyponatremia  would  develop  would 
develop  in  those  test  subjects  ^o  received  only  flavored  water  as  a  fluid 
replacement  without  replacement  of  sodium  lost  through  sweating.  Neither 
significant  hypon 'tremia  nor  hypokalemia  developed  in  any  test  subject. 

(2)  Miliaria  (heat  rash)  developed  in  about  half  of  the  test  subjects.  Only 
the  lower  extremities  were  involved.  This  condition  resolved  completely 
within  two  days  in  all  test  subjects  who  developed  miliaria. 

(3)  Blisters  on  the  feet  developed  in  the  vast  majority  of  the  test  subjects 
during  the  2A-hour  work  periods.  This  is  best  ascribed  to  the  environmental 
conditions  of  the  protocol  (heat  and  humidity)  and  to  the  work  load  of 
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walking  for  as  far  as  A2  miles  during  the  2A-hour  work  period.  All  blisters 
were  treated  during  the  2A  hour  work  period.  A  few  of  the  test  subjects 
withdrew  from  the  protocol  because  of  foot  blisters.  Efforts  to  reduce  the 
rate  of  development  of  foot  blisters  had  been  Instituted  and  Included  such 
maneuvers  as  selection  of  properly  fitted  and  conditioned  shoes,  frequent 
change  of  socks,  use  of  two  pairs  of  socks,  use  of  talc  powder,  use  of 
Tufskln,  air  drying  the  feet  during  rest  periods,  regular  examination  of  feet 
for  early  detection  and  treatment  of  blisters,  etc.  Despite  these  efforts, 
the  occurrence  of  foot  blisters  did  not  appear  to  be  significantly  reduced. 
The  test  subjects  were  retested  with  the  second  fluid  one  week  after 
coiiq)letlon  of  the  first  test  period.  Most  of  the  blisters  had  not  resolved 
over  the  preceding  week,  and  this  probably  contributed  to  the  shortening  of 
the  endurance  times  during  the  second  2A-hour  work  period.  The  order  of  the 
fluid  administration  had  been  randomized  In  the  protocol  to  account  for  these 
effects.  However,  a  recommendation  might  be  made  that  the  rest  period 
between  2A-hour  work  periods  be  lengthened  or  that  the  work  load  during  the 
2A-hour  work  period  be  changed  to  not  Include  the  same  amount  of  walking  (A2 
miles).  Under  real  conditions.  It  Is  unlikely  that  soldiers  would  be 
required  to  walk  A2  miles  In  a  2A-hour  time  period  to  escape  the  effects  of 
NBC  agents.  For  this  reason,  blisters  would  probably  not  be  as  frequent  a 
problem  as  they  were  In  the  study  protocol.  On  the  other  hand.  In  a  real 
situation,  frequent  2A-hour  scenarios  are  more  likely  to  develop,  and  on  this 
basis,  soldiers  would  not  have  a  week  to  recover  from  blisters  as  occurred 
during  the  study  protocol.  Nevertheless,  9/11  of  the  test  subjects  had  a 
shorter  endurance  time  on  the  second  2A-hour  work  period  no  matter  what 
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solution  each  test  subject  was  drinking.  The  test  subjects  who  started  the 
study  with  the  NBC  solution,  had  a  significantly  longer  duration  time  on  the 
NBC  solution  when  compared  to  the  subjects  who  started  on  water  and  then 
changed  to  the  NBC  solution. 

(4)  Chafing  of  the  skin  of  the  medial  thigh  and/or  perineal  area  occurred  in 
several  of  the  test  subjects  and  was  a  reason  for  the  withdrawal  from  the  24- 
hour  work  period.  Again,  this  was  related  to  the  heat  and  humidity 
conditions  of  the  24-hour  work  period  as  well  as  the  distance  walked  by  the 
test  subjects.  Chafing  generally  occurred  in  those  test  subjects  with 
generous  medial  thighs  which  were  constantly  being  rubbed  by  the  opposing 
medial  thigh.  Use  of  biking  shorts  appeared  to  reduce  the  rate  of 
development  of  this  complication.  This  problem  resolved  without  sequelae  in 
all  test  subjects  over  the  two  to  four  days  after  each  24-hour  work  period. 

It  is  suspected  that  chafing  would  not  develop  as  soon,  if  at  all,  in 
soldiers  who  were  wearing  their  usual  BDU. 

(5)  Headaches  occurred  in  a  number  of  the  test  subjects  (Table  1).  These 
headaches  were  not  part  of  an  early  heat  injury  syndrome.  This  assertion  is 
based  on  the  fact  that  no  test  subject  had  a  rectal  temperature  greater  than 
39.5°C  during  the  24-hour  work  period.  The  headaches  did  not  correlate  with 
the  type  of  fluid  Ingested,  however,  a  greater  number  of  headaches  did  occur 
during  the  second  24-hour  work  period  for  both  solutions  (Table  2).  The 
headaches  were  of  the  tension  headache  variety.  For  this  reason,  the 
headaches  were  treated  with  tylenol  and  the  test  subject  was  pernitted  to 
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continue  the  study.  These  headaches  resolved  soon  after  the  tylenol  was 
given,  although  in  some  cases,  the  headache  recurred.  There  were  no 
headaches  which  persisted  after  the  24-hour  work  periods,  and  there  were  no 
other  neurological  signs  or  symptoms. 
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Table  1.  Administration  of  tylenol  for  headache  control,  endurance  time,  and 
reason  for  terminating  participation. 


Sub j  ect 
Number 


Tylenol  use 
(#  tabs  @  hr: min 
of  study  completed) 


Duration 
Timel 
(hr :mln) 


Departure 

Reason 


1 

Control 

2 

tab 

@ 

06:00 

2 

tab 

@ 

09:00 

2 

tab 

@ 

13:00 

NBC 

2 

tab 

@ 

14:45 

2 

Control 

2 

tab 

@ 

04:00 

2 

tab 

@ 

07:30 

2 

tab 

@ 

10:20 

2 

tab 

@ 

09:20 

NBC 

2 

tab 

@ 

12:30 

3 

Control 

NBC 

4 

Control 

2 

tab 

@ 

14:50 

NBC 

2 

tab 

09:20 

5 

Control 

NBC 

2 

2 

tab 

tab 

@ 

@ 

09:20 

14:24 

6 

Control 

NBC 

13:30 

heat  rash 

16:40 

chafing  rectal  probe 

17:50 

too  tired,  exhausted 

24:00 

finished  24  hours 

16:30 

chafing  between  legs, 
leg  cranes 

13:17 

chafing  between  legs 

16:20 

too  tired,  dehydrated, 
will  not  drink 

15:17 

foot  blisters, 
heat  rash 

15:40 

leg  cramps,  heat  rash 

16:10 

feet  gave  out,  exhausted 
URI ,  weaving  on 
treadmill 

09:45 

URI,  sore  throat, felt 
poorly 

24:00 

finished  24  hours 
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Table  i  (continued) 


Tylenol  use  Duration 

Subject  (#  tabs  @  hr  min  Time^ 

Number  of  study  completed)  (hr:min) 


7 

Control 

16:15 

NBC 

14:45 

8 

Control 

09:00 

NBC 

15:05 

9 

Control 

16:15 

NBC 

2  tab  @  06:15 

14:45 

10 

Control 

16:32 

NBC 

2  tab  @  09:00 

16:10 

2  tab  @  15:00 

12 

Control 

20:35 

NBC 

24:00 

13 

Control 

2  tab  @  09:00 

17:48 

NBC 

17:37 

^All  2A-hour  heat  stress  tests  started  at  0800  hours. 


Departure 

Reason 


knees  feel  sore 
sore  knees  and  ankles , 
chafing 

feet  hurt 
feet  hurt 

blisters 

sore  knees,  blisters 

nauseated,  light-headed 
headache 

chafing  rectal  probe 
fatigue 

finished  24  hours 

blisters 

blisters 
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Table  2.  Relationship  of  tylenol  use  to  type  of  solution  consumed  during  two 
2A-hour  heat  stress  trials. 


Time  Test  Complaint /Treatment  Fluid  Trial 

of  Day  Subject 


PERIOD  OF  12-13  FEB  1987 


2030 

2 

h/a 

2  Tylenol 

NBC 

22A5 

1 

h/a 

2  Tylenol 

NBC 

2250 

A 

h/a 

2  Tylenol 

CONTROL 

PERIOD  OF  19  -  20 

FEB 

1987 

1200 

2 

h/a 

2  Tylenol 

CONTROL 

lAOO 

1 

h/a 

2  Tylenol 

CONTROL 

1530 

2 

h/a 

2  Tylenol 

CONTROL 

1700 

■1 

1 

h/a 

2  Tylenol 

CONTROL 

1820 

2 

h/a 

2  Tylenol 

CONTROL 

1720 

5 

h/a 

2  Tylenol 

NBC 

1720 

2 

h/a 

2  Tylenol 

CONTROL 

1720 

A 

h/a 

2  Tylenol 

NBC 

2100 

1 

h/a 

2  Tylenol 

CONTROL 

222A 

5 

h/a 

2  Tylenol 

NBC 

PERIOD  OF  19  -  20 

MAR 

1987 

NO  TYLENOL  WAS  GIVEN  DURING 

THIS  2A- 

-hour  work  PERIOD 

PERIOD  OF  26 

-  27  MAR  1987 

1A15 

9 

h/a 

2  Tylenol 

NBC 

1700 

10 

h/a 

2  Tylenol 

NBC 

1700 

13 

h/a 

2  Tylenol 

CONTROL 

2300 

10 

h/a 

2  Tylenol 

NBC 

12  - 

13 

FEB 

1987 

1, 

2, 

6  received  NBC  Solution 

3, 

A, 

5  received  control  solution  (colored/ flavored 

water) 

19  - 

20 

FEB 

1987 

3, 

A, 

5  received  NBC  Solution 

1, 

2, 

6  received  control  solution 

19  - 

20 

MAR 

1987 

7, 

9, 

10  received  control  solution 

8, 

12 

,  13  received  NBC  solution 

26  - 

27 

MAR 

1987 

8, 

12 

,  13  received  control  solution 

7, 

9, 

10  received  NBC  Solution 
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APPENDIX  6 


MUSCLE  STRENGTH 


METHODS 

Isokinetic  lift  strength  was  determined  with  a  computer  controlled 
Isokinetic  lifting  dynamometer,  the  Cybex  Llftask  ergometer  (LE)  (Lumex 
Corp>,  Ronkonkoma,  NY).  The  subject  lifted  a  bimanual  handle  from  six  inches 
above  the  floor  to  the  height  corresponding  to  the  subject’s  fullstanding 
knuckle  height.  The  handle  was  connected  to  the  LE  which  provided  an 
accommodating  isokinetic  resistance  to  lifting  at  a  speed  of  36  inches  per 
second.  The  computer  recorded  timing,  force,  and  distance  measures  during 
each  of  the  test  lifts.  From  these  measures  the  computer  calculated  the 
following  variables:  A)  PKFORCE,  the  peak  force  during  the  lift,  measured  in 
pounds.  This  was  the  highest  force  attained  during  the  course  of  any  single 
lift  during  a  test  bout,  B)  HTPK  was  the  handle  height  above  the  lifting 
platform  at  which  PKFORCE  occurred,  measured  in  inches.  C)  AVEFORCE,  this 
was  the  average  magnitude  of  the  force  curve  during  the  repetition  of  the 
test  set  that  had  the  largest  area  beneath  the  force-height  curve.  This 
repetition  is  the  best  work  repetition.  AVEFORCE  was  measured  in  pounds.  D) 
TTLWORK  was  the  total  work  done  during  the  best  work  repetition.  The  best 
work  repetition  documented  the  maximum  work  performed  over  the  course  of  the 
entire  lift  and  as  such  gave  a  broader  picture  of  the  subject’s  performance 
than  PKFORCE  did.  Work  was  defined  as  the  lifting  force  multiplied  by  the 
distance  of  the  lift.  TTLWORK  was  a  representation  of  work  output  at  the 
tested  speed  of  36  inches  per  second  and  was  measured  in  foot  pounds.  E) 
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AVEPOWER  was  the  average  power  during  the  best  work  repetition.  This  was 
calculated  by  dividing  the  TTLWORK  of  the  best  work  repetition  by  the  total 
time  of  the  best  work  repetition.  This  is  an  index  of  the  Intensity  of  the 
lifting  exercise  and  is  expressed  in  watts. 

The  above  variables  are  all  r»:lated  to  maximal  lifting  capacity.  This  is 
the  type  of  activity  that  a  soldier  may  be  called  upon  to  perform  during 
times  of  high  stress.  An  example  might  be  when  a  soldier  is  called  upon  to 
rescue  himself  or  others  from  a  life  threatening  situation.  Although  maximal 
exertions  are  Infrequent  during  the  daily  lives  of  most  soldiers,  there  are 
times  when  physical  performance  of  this  nature  are  critical.  Additionally 
maximal  capacity  lifting  is  part  of  the  daily  work  routine  for  soldiers  such 
as  heavy  vehicle  mechanics. 

The  lifting  technique  used  was  a  "squat"  type  lift,  in  which  the  subjects 
grasped  the  handle  of  tie  LE  in  a  bent  knee,  straight  back  position  with 
their  arms  extended  down  between  their  legs  to  the  handle.  The  subject 
executed  the  lift  by  standing  up  and  pulling  the  handle  to  the  fullstanding 
knuckle  height  with  straight  arms.  The  principle  muscle  groups  involved  in 
this  t/pe  of  lifting  maneuver  are  the  quadriceps,  gluteus  maximus,  and  the 
erector  splnae.  This  lift  is  similar  in  action  to  a  bent  leg  dead  lift. 

The  subject’s  form  during  lifting  was  carefully  monitored  and  corrected 
to  meet  the  standards  of  the  lifting  technique.  The  subject’s  were 
encouraged  to  stretch  prior  to  lifting  and  as  needed  during  the  course  of 
testing.  Their  warmup  was  Insured  by  each  subject  starting  their  testing 
regimen  by  performing  a  set  of  four  practice  lifts.  These  lifts  were 
executed  with  proper  form  but  using  a  self  selected  submaximal  effort.  These 
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lifts  were  followed  within  30  seconds  by  three  maximal  effort  test  lifts. 
There  was  a  60  second  rest  period  and  then  the  four  practice  and  three  test 
lifts  were  repeated.  Data  was  collected  during  the  test  repetitions  only. 

The  five  days  of  testing  were  planned  to  allow  the  subjects  to  stabilize 
their  lifting  technique  and  to  assess  the  day  to  day  reliability  of  the 
tests.  Subjects  were  brought  in  for  a  sixth  day  of  testing  during  which  they 
performed  two  test  cycles  using  the  squat  technique.  This  was  done  to  assess 
the  within  day  reliability  of  the  test. 

To  determine  the  effects  of  the  two  different  fluids  on  isokinetic 
lifting  strength,  subjects  were  tested  on  the  day  prior  to  each  2A-hour  heat 
stress  trial.  Only  those  subjects  that  completed  a  24-hour  test  were  post- 
tested.  This  was  done  so  that  the  pre-  and  post-tests  would  compare  subjects 
that  had  conqjleted  similar  amounts  of  exercise.  Of  the  12  subjects  that 
participated  in  the  study,  only  three  subjects  completed  24  hours  of  testing 
and  were  post-tested.  All  three  subjects  were  drinking  the  NBC  Nutrient 
solution  when  they  completed  24  hours  of  testing.  One  of  these  subjects  (//6) 
was  ill  during  the  control  solution  trial  but  this  illness  did  not  Interfere 
with  his  results  on  the  NBC  Nutrient  solution  trial  so  his  data  were 
Included. 


RESULTS  AND  DISCUSSION 


Reliability  estimates  were  made  to  examine  the  within  day  test /retest 
reliability  for  the  variables  observed  during  the  squats.  The  estimates  were 
greater  than  0.93  for  all  variables,  except  the  height  of  peak  force  that  had 
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a  reliability  estimate  of  0.866.  The  test /retest  reliability  estimate  across 
days  were  not  as  good  as  the  within  day  estimates  for  the  variables  observed 
during  the  squats  as  shown  in  the  following  table: 


ACROSS  DAYS  TEST  RETEST  RELIABILITY  ESTIMATES 


Variable  PKFORCE  HTPK  AVEFORCE  AVEPOWER  TTLWORK 

Rel.  esti.  .7332  .1042  .7109  .6798  .4931 


Learning  curves  were  no'  observed  for  any  of  the  variables  during  the 
training  period.  Additionally,  no  significant  differences  were  found  when 
comparing  the  daily  means  for  any  of  the  variables  during  the  training  period 
and  the  two  pre-test  sessions.  These  results  showed  that  the  subjects  did  not 
undergo  a  significant  learning  process  and  achieved  a  stable  baseline  in  these 
strength  measures  prior  to  the  test  sessions.  A  summary  table  of  these 
results  are  presented  below. 

PRE-TEST  SQUAT  LIFT  RESULTS  (n=12) 


Variable 
PKFORCE (Lbs) 

HTPK (in) 

AVEFORCE (Lbs) 
AVEPOWER (W) 
TTLWORK (Ft. Lbs.) 


Mean*SD 
270.0  ±  53.45 
21.1  ±  6.21 
192.5  ±  37.32 
789.1  ±  158.59 
503.4  119.44 
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There  were  only  three  subjects  (#2,  #6,  #12)  that  completed  either  of  the 
24-hour  heat  stress  trials.  These  subjects  were  all  drinking  the  NBC  Nutrient 
solution  and  the  trial  completed  was  the  first  of  the  two  trials.  The  results 
of  ANOVAs  performed  on  the  data  from  the  squat  lifts  demonstrated  that  only 
AVEFORCE  and  AVEPOWER  showed  significant  differences  between  the  pre-  and 
post-test  measurements.  These  data  are  summarized  below. 

SURVIVORS  SQUAT  LIFT  RESULTS  (n=3) 


Variable 

Pre-test 

Post-test 

Mean*SD 

Mean*SD 

P 

PFORCE(Lbs) 

257.7*11.02 

217.3*35.50 

NS 

HTPK(in) 

22.0*4.58 

20.0*6.25 

NS 

AVEFORCE (Lbs) 

181.3*8.14 

145.3*17.79 

p<0.05 

AVEPOWER(W) 

730.3*43.98 

590.3*56.62 

p<0.05 

TTLW0RK(Ft.  lbs) 

409.7*24.34 

371.3*97.52 

NS 

Although  the  results  showed  a  decline  in  all  of  the  strength  performance 
variables  tested,  only  average  force  production  and  average  power  production, 
showed  statistically  significant  decreases  (p<0.05)  pre-  to  post-scenario.  A 
recent  study  by  Noble,  Kraemer,  and  Fleck  (1)  exhibits  similar  results.  These 
authors  found  no  significant  decrement  in  isokinetic  peak  leg  extension  torque 
in  subjects  conq)letlng  20  and  42km  runs.  These  authors  did  find  a  significant 
depression  (p<0.05)  in  the  magnitude  of  the  torque  vs  knee  angle  curve  post 
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run.  This  resulted  in  a  decreased  total  work  leading  to  a  decrease  in  average 
force  and  average  power.  The  results  of  both  studies  seem  to  indicate  that 
the  fatigue  from  long  term  sustained  exercise  appears  to  be  less  related  to 
peak  force  capabilities  than  to  rate  dependent  strength  measures.  Because 
these  tests  are  isokinetic  measures,  time  and  distance  are  proportional  once 
the  subject  engages  the  dynamometer.  This  means  that  the  variable  of  AVEFORCE 
is  a  rate  dependent  variable  as  is  AVEPOWER. 

Strength  tests  are  very  sensitive  to  the  motivational  state  of  the 
subject  performing  the  tests.  It  was  evident  from  conversations  with  the 
subjects  that  con^jleted  the  24-hour  heat  stress  trials  that  they  would  "give 
their  best  effort"  in  the  test.  It  was  also  clear  that  these  strength  tests 
were  of  a  low  priority,  relative  to  sleep,  food,  and  physical  comfort. 

Whatever  factors  contribute  to  these  low  motivational  states  their  effects  are 
very  real  and  serve  to  complicate  the  measurement  of  strength  in  almost  all 
but  the  most  ideal  situations. 

Another  factor  that  Interfered  with  the  tests  was  the  lack  of  adequate 
time  for  each  subject  to  fully  recover  from  the  rausculo-skeletal  trauma  of  the 
first  24-hour  heat  stress  trial  before  being  subjected  to  the  second  trial. 
This  short  recovery  time  may  have  been  needed  from  a  logistical  standpoint  but 
it  undoubtedly  contributed  to  the  Inability  of  any  subject  to  complete  the 
second  24  hour  test.  Add  to  these  factors  sleep  deprivation  and  it  becomes 
almost  Inpossibie  to  partial  out  what  contributes  to  changes  in  strength 
measures  during  a  prolonged  exercise  scenario. 
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CONCLUSIONS 


While  there  was  a  general  decline  in  strength  performance  after  the  test, 
there  were  too  many  confounding  factors  and  not  a  large  enough  number  of 
subjects  to  realistically  ascribe  any  changes  in  strength  performance  to  the 
consuiq>tlon  of  the  NBC  nutrient  solution.  The  fact  that  none  of  the  subjects 
drinking  the  control  solution  completed  the  test  makes  strength  performance 
comparisons  of  the  NBC  Nutrient  solution  and  the  control  solution  impossible. 
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APPENDIX  7.  SIGNIFICANT  MAIN  EFFECTS  AND  INTERACTIONS  FOR  TOTAL  SYMPTOM  SCORE 
AND  INDIVIDUAL  ESQ  ITEMS 


SOLUTION 

SOLUTION 

ADMINISTRATION 

INTERACTIONS 

ORDER 

TOTAL  SCORE 

NS 

8.78  0.05 

15.89  0.0001 

EYE  IRRITATION 

5.14  0.05 

6.42  0.05 

NS 

SO 

SHAKING  HANDS 

NS 

13.23  0.01 

4.03  0.05 

POOR  COORDINATION 

MS 

13.09  0.01 

5.60  0.01 

SA 

WARMTH 

NS 

8.77  0.05 

NS 

- 

STOMACH  ACHE 

NS 

7.44  0.05 

5.87  0.01 

SA 

IRRITABILITY 

NS 

7.40  0.05 

NS 

- 

HUNGER 

NS 

5.61  0.05 

NS 

- 

FEVERISHNESS 

NS 

5.61  0.05 

NS 

> 

ANGER 

NS 

7.22  0.05 

NS 

SO,  SAO 

FEELING  ACTIVE 

NS 

NS 

31.29  0.0000 

SAO 

SLEEPINESS 

NS 

NS 

38.57  0.0000 

AO 

LEG  ACHE 

NS 

NS 

34.40  0.0000 

- 

WEAKNESS 

NS 

NS 

23.97  0.0000 

- 

TIREDNESS 

NS 

NS 

21.29  0.0000 

- 

ALERTNESS 

NS 

NS 

16.90  0.0001 

- 

MUSCLE  STIFFNESS 

NS 

NS 

15.47  0.0001 

BACKAHCHE 

NS 

NS 

8.89  0.01 

• 

HEADACHE 

NS 

NS 

8.42  0.01 

- 

MALAISE 

NS 

NS 

8.36  0.01 

LIGHTHEADEDNESS 

NS 

NS 

8.20  0.01 

MUSCLE  CRAMPS 

NS 

NS 

7.68  0.01 

STOMACH  CRAMPS 

NS 

NS 

7.64  0.01 

DIZZINESS 

NS 

NS 

7.23  0.01 

SINUS  PRESSURE 

NS 

NS 

5.72  0.01 

NAUSEA 

NS 

NS 

5.06  0.05 

- 

ARM  ACHE 

NS 

NS 

4.96  0.05 

- 

SWEATING 

NS 

NS 

4.48  0.05 

FAINTNESS 

NS 

NS 

4.31  0.05 

POOR  CONCENTRATION 

NS 

NS 

4.13  0.05 

SA 

INCREASED  URINATION 

NS 

NS 

3.69  0.05 

- 
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SOLUTION  SOLUTION  ADMINISTRATION  INTERACTIONS 

ORDER 


DIM  VISION 

NS 

NS 

NS 

SA 

RAPID  HEART  RATE 

NS 

NS 

NS 

SO 

STUFFY  NOSE 

NS 

NS 

NS 

SO 

BOREDOM 

NS 

NS 

NS 

SO 
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APPENDIX  8.  SIGNIFICANT  MAIN  EFFECTS  AND  INTERACTIONS  FOR  TOTAL  MOOD 
DISTURBANCE  SCORE  AND  INDIVIDUAL  POMS  ITEMS 


SOLUTION 

ORDER 

SOLUTION 

ADMINISTRATION  INTERACTIONS 

TOTAL  MOOD 
DISTURBANCE  SCORE 

NS 

5.20  0.05 

18,60  0.0000 

EXHAUSTED 

10.72  0.01 

NS 

13.07  0.001 

- 

BUSHED 

7.67  0.05 

NS 

22.81  0.0000 

AO 

WORNOUT 

5.32  0.05 

NS 

17. 8A  0.0001 

SO,  SAO 

UNHAPPY 

NS 

12.62  0.01 

4.15  0.05 

SO,  SA 

GROUCHY 

NS 

8.12  0.05 

NS 

- 

ANGRY 

NS 

7.22  0.05 

NS 

SO,  SAO 

FATIGUED 

NS 

6.21  0.05 

24.69  0.0000 

SA 

CONFUSED 

NS 

6.14  0.05 

4.35  0.05 

- 

RESENTFUL 

NS 

6.10  0.05 

NS 

- 

READY  TO  FIGHT 

NS 

5.56  0.05 

5.25  0.05 

SO,  SA 

LIVELY 

NS 

NS 

37.12  0.0000 

SO 

ACTIVE 

NS 

NS 

31.29  0.0000 

SAO 

ALERT 

NS 

NS 

21.82  0.0000 

SA,  SAO 

PEP 

NS 

NS 

21.24  0.0000 

- 

ENERG 

NS 

NS 

20.90  0.0000 

SAO 

GOODNATURED 

NS 

NS 

11.08  0.001 

- 

FRIENDLY 

NS 

NS 

8.89  0.01 

- 

CHEERFUL 

NS 

NS 

8.89  0.01 

- 

RELAXED 

NS 

NS 

8.58  0.01 

- 

CONSIDERATE 

NS 

NS 

8.06  0.05 

VIGOROUS 

NS 

NS 

7.30  0.01 

- 

DISCOURAGED 

NS 

NS 

6.06  0.01 

- 

UNABLE  TO  CONCENTRATE 

NS 

NS 

5.25  0.05 

SA 

HELPFUL 

NS 

NS 

5.03  0.05 

- 

RESTLESS 

NS 

NS 

4.29  0.05 

SA,  SAO 

EFFICIENT 

NS 

NS 

4.25  0.05 

- 

CLEARHEADED 

NS 

NS 

3.77  0.05 

- 

ANXIOUS 

NS 

NS 

NS 

SAO 

BADTEMPERED 

NS 

NS 

NS 

SA 
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SUBJECT 


TIME 


CONDITION 


Please  answer  every  question.  Circle  the  number  on  each  scale  that 
best  reflects  how  you  feel  right  now  and/or  your  opinion  of  the 
fluid  at  this  particular  time. 


1.  How  THIRSTY  do  you  feel 

right  now? 

• 

0  12  3 

4  5  6 

7 

8  9 

not 

extremely 

thirsty 

thirsty 

2.  How  HUNGRY  do  you  feel  right  now? 

01234567 

not 

hungry 


8  9 

extremely 

hungry 


3 .  How  ALERT  do  you  feel  right  now? 

01234567 

not 

alert 


8  9 

extremely 

alert 


4.  How  physically  STRONG  do  you  feel  right  now? 

01234567 

not 

strong 


8  9 

extremely 

strong 
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5.  How  much  do  you  LIKE  or  DISLIKE  this  fluid? 

1  2  3  4  5  6  7 

dislike  neither 

extremely  like 

nor 

dislike 


8  9 

like 

extremely 


<9 


6.  How  SWEET  is  this  fluid? 

01234567 

not 

sweet 


8  9 

extremely 

sweet 


7.  How  SALTY  is  this  fluid? 

01234  567 

not 
salty 


8  9 

extremely 

salty 


8.  How  intense  is  the  lemon-lime  FLAVOR  of  this  fluid? 


0 

no 

flavor 


1  2  3  4  5 


6  7  8  9 

extremely 

strong 

flavor 


9.  How  SOUR  is  this  fluid? 

0  1  2  3  4  5 

not 
sour 


6  7  8  9 

extremely 

sour 


10.  How  COOL  or  WARM  is  this  fluid? 


1 

2 

3 

4 

5  6 

7 

8 

9 

extremely 

neither 

extremely 

cool 

warm 

nor 

cool 

warm 
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Post  Test  Questionnaire 


Please  answer  every  question.  On  questions  1~6,  circle  the  number  on 
scale  that  best  re-flects  how  you  ^eel.  On  questions  7  and  8,  -fill  in 
responses  on  the  lines  provided. 


1.  Now  that  the  test  is  over,  how  much  did  you  like  the  -fluid  that  wa 
provided  to  you? 

1.  Disliked  Extremely 

2.  Disliked  Very  Much 

3.  Disliked  Moderately 

4.  Disliked  Slightly 

5.  Neither  Liked  nor  Disliked 

6.  Liked  Slightly 

7.  Liked  Moderately 

8.  Liked  Very  Much 

9.  Liked  Extremely 


How  much  did  you  like 


this  fluid  compared  to  plain  water? 


1.  Disliked  it  much  more 

2.  Disliked  it  somewhat  more 

3.  Li l:ed/Di si  1  ked  it  the  same 

4.  Liked  it  somewhat  more 

5.  Liked  it  much  more 


Did  the  fluid  seem  to  give  you  more  energy  than  plain  water? 


1.  Much  more  energy 

2.  Somewhat  more  energy 

3.  No  difference 

4.  Somewhat  less  energy 

5.  Much  less  energy 


4.  If  you  had  only  this  fluid  to  drink  in  the  field  would  you  mind'”' 

1.  Not  at  all 

2.  I  would  mind  somewhat 

3.  I  would  mind  very  much 

5.  Of  the  following  choices,  which  would  you  prefer  to  carry  with  yoi 

1.  Two  canteens  of  this  fluid 

2.  Two  canteens  of  water 

3.  One  canteen  of  this  fluid  and  one  canteen 

of  water 
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Did  this  fluid  give  you  a  psychological  "lift"? 


1.  Not  at  all 

2.  Somewhat  of  a  "lift" 

3.  Very  great  "lift" 


7.  What  did  you  like  best  about  this  fluid  and  why? 


What  did  you  like  least  about  this  fluid  and  why'^ 


I 
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